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Proceedings Editor’s Foreword 
 
Welcome to the Building Surveying and Technology Undergraduate Conference 2013 (BUSTUC2013). 
 
BUSTUC2013 is the first conference of this kind in which undergraduate students majoring in Building 
Surveying and Building Technology come forward with a conference paper and present their research 
findings in this specialized conference. 
 
Students undergo no less than fifteen weeks of training in carrying out scientific research and 
simultaneously choosing their research topics for actual research. Under the guidance of course 
lecturers and individual research supervisors the undergraduate students embarked on what can be 
considered their maiden voyage into scientific research activities. This conference event is the 
manifestation of the effort by not only the students but also their respective supervisors in order to 
ensure the training and supervision does not go to waste. The conference papers are published 
according to international and standardized format and for most of the students this will be their first 
publication to be remembered long into their future. 
 
We look forward to work again with all the respected supervisors and their future students; and to 
carry on the publication annually. We hope, this effort will ensure all graduating students are equipped 
with the fundamental of scientific research and publication techniques. 
 
We would also like to extend our heartfelt appreciation to the contributors of these Proceedings and 
the presenters at the Building Surveying and Technology Undergraduate Conference 2013 making the event 
a convention of thought-provoking, innovative ideas and memorable one.  
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KN1 
 
Experimental Research Methods in Built Environment 
 
Abdul Naser Abdul Ghani 
 
Building Technology Department, School of Housing, Building & Planning, USM, 11800 Penang 
 
Email: anaser@usm.my  
 
 
Abstract: 
 
This paper describes the deductive approach to research in engineering and built environment and focus mainly 
on the use of experiments for data gathering. Detail experimental methods in the laboratory, field and numerical 
conditions are discussed. Various sensors and transducers commonly used in experiments as well as data 
logging systems are also described. 
 
Keywords: Experiments, data collection, sensors, instrumentation. 
 
 
1.0 INTRODUCTION 
 
Research methodology is commonly acknowledged 
as the most important part of any research project 
that needs to be established before actual data 
collection program begins. Research methods and 
experimental techniques form the major portion of 
the methodology. In engineering and built 
environment, detail methodology and tasks to be 
carried out depends mainly on the type of data to 
be collected i.e. quantitative (numerical) or 
qualitative (describe by words). A qualitative data 
can still be converted to numerical and analyzed by 
quantitative methods. 
 
Another aspect of scientific research is the research 
approach, where the common approach could be 
inductive or deductive or both. Most researchers in 
applied science, engineering and the built 
environment prefer the deductive approach where a 
problem is identified and then its cause and effect is 
confirmed by experimental data or proof. 
 
 
2.0 EXPERIMENTS 
 
Experiments carried out for the purpose of 
collecting data to be analyzed and studied are 
carried in the laboratory, in the field and using 
computer numerical model. It also can be a 
combination of the two or three of the said 
technique. The decision on the location of 
experiment depends on the objectives and scope of 
the research. Each method has its own strength, 
challenges and limitation as well as additional 
consideration to be included. For example, 
laboratory scale model has to deal with scale and 
similitude issues.  
 
The field experiment involves a lot of variants and 
possible disturbance. Computer simulation depends 
a lot on the input data. Despite the limitations and 
possible problems, deductive experimental 
research techniques are preferable in the case of 
product, technique or technology focused research. 
This is because it is confirmatory in nature and has 
specific objectives (visionary) instead of conceptual 
and guesswork as in the inductive approach. It is 
also compatible to quantitative (numerical) method.  
 
 
Figure 1a: Laboratory experiment 
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Figure 1b: Field experiment 
 
 
Figure 1c: Numerical 
 
2.1 Laboratory Experiments 
 
Laboratory experiments can be standard 
testing methods, independently developed 
procedures or laboratory scale model 
investigations. Standard testing methods such as 
according to BS or ASTM or other established 
standards are commonly used to test materials and 
systems to be used in or related to the research or 
investigation. In built environment, these can be 
strength, environmental and durability tests such as 
tensile (ASTM, BS), water quality (APHA) and water 
absorption (ASTM, BS). The standard tests are 
usually used to gather preliminary data on the 
material to be used in model testing or field 
experiments. In the case of numerical or computer 
modeling, data and result from standard laboratory 
test can be used as the specific data input for the 
model. For example, in a computer structural 
model, data on material properties such as 
strength, modulus and dimension are required. 
These data has to be established or ready before 
computer numerical model investigation could 
proceed. 
Scientific research is about discovery of 
new things, method, systems or theories. It is 
almost inevitable that in the course of most 
experimental research, a researcher will have to 
come up with one or more independent 
procedures that can be calibrated and repeated. 
The procedure can be a very simple one or a very 
complicated one. It could be just a small portion of 
the investigation or it could also be the major 
procedure for the research. In this case, data and 
discussion on repeatability and measurement 
uncertainty must be provided in the research report 
or thesis. 
Laboratory scale model is a small scale 
physical model of a larger actual or prototype 
structure or systems. It is constructed in a 
laboratory and tested under controlled and 
monitored conditions. The advantages of small 
scale model can be its benefits in terms of 
controllable varied loading conditions, observable 
effect of extreme/failure loading conditions, and the 
minimum cost of construction. However, scale 
model has other issues to be considered such as 
boundary conditions and similitude. Similitude is the 
scaling effect of multiple variants such as 
dimensional, force, time, boundary and 
instrumentation. Fortunately, there exists 
established theoretical basis for scaling factors for 
various conditions. In a simple laboratory scale 
model for parametric study, only the dimensional 
similitude and boundary conditions are usually 
considered. 
 
 
Figure 2a: Special new simple procedure for 
calibration of new pressure sensor 
 
 
Figure 2b: Marine water sampling for standard 
water quality test  such as BOD, COD, DO, nitrate 
etc. 
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2.2 Field Experiments 
 
Experiment carried out in the field requires 
careful planning and coordination. Higher 
contingencies in terms of budget and time must be 
considered. Controlling and monitoring the 
changing parameters on site could also involve 
other parties and the law. Security of 
instrumentation must be taken seriously. 
As with other experiments, the purpose of 
field experiment is to collect data for the research. 
In the field, it could be harder to control or to limit 
the various influences from natural conditions. For 
example, if one is dealing with the ground, the 
variation in water table is hard to control because 
the water movement in soil extend to distance 
locations - something that could not be control can 
only be observed but it is still a research – but not 
considered experimental research. Astronomers 
study the sky by observation. What is happening in 
the sky could not be control. It can only be 
observed. Based on the observation, scientist and 
researchers will be able to make some conclusion 
and theories.  
 
 
 
 
Figure 3: Experimental set up and monitoring in 
the field 
 
2.3 Numerical Model 
 
Computer numerical model is another 
method to carry out experiments. Presently there 
are various computer codes that can be utilized to 
construct a model. One of them is Finite Element 
Code (FEM). A code is basically assembly of FEM 
instructions that has been pre-program to do certain 
things. 
Back then, researchers must be able to 
write their own finite element program in order to 
construct a computer numerical model of their 
investigation. Fortunately today, some codes are 
packaged into software that can be utilized to 
construct a model. However, some researchers still 
prefer to write their own code because it will allow 
more freedom of decision in their experimentation. 
Using the finite element code to construct a 
model, a researcher will be able to control the 
various input parameters and study the output – the 
cause and effect. In this case, the quality and 
accuracy of the output or data or observation is as 
good as the input data. In most computer numerical 
modeling, a realistic input data must be first 
obtained from laboratory testing of the material 
involved in the studies. The model must also be 
calibrated against known or previously recorded 
event or case. 
 
 
 
 
 
Figure 4: FEM mesh and output for studies of soil 
and a retaining structure 
 
3.0 DATA COLLECTION 
 
Experiment is carried out for researchers to 
collect data. These data then will be analyzed or 
processed to produce meaningful conclusion. There 
are four major ways to collect data: surveys, 
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observation, computer simulation and experiment. 
In addition to laboratory and field experiments, this 
paper considers computer model simulation as an 
experiment. Other computer simulation can be 
statistical; 2D/3D vector/scalar/graphical; and 
binary. 
This section will further discuss the method 
of collecting data from experiments in the area of 
civil engineering and built environment. In 
experiment, one or more independent variables can 
be changed and the outcome is recorded. If the 
independent variable cannot be controlled, it is not 
an experiment instead it is an observation (although 
it is still the act of collecting data).  
 
3.1 Instrumentation and Sensors 
 
Instrumentation is a system used to control, 
measure and transmit information or data during the 
experimentation. Typical instrumentations include 
hardware for transducers and software for data 
processing and storage. Transducer is a device that 
converts a physical parameter sensed by its sensor 
into an analog electrical signal. Some common 
transducers and their application are described in 
the following table. 
 
Table 1: Common transducers in built environment 
research applications 
 
 Transducers Description 
 
Strain gage 
This is the most basic form 
of transducer. It operates 
on the principle of electrical 
resistance. It can detect 
positive or negative strain 
of the object the gage is 
bonded to. It can be 
bonded to metal, concrete, 
plastic etc. It can be used 
to construct other type of 
transducers such as load 
cell, pressure cell etc. 
 
 
LVDT 
(Linear 
Displacement 
Variable 
Transducer) 
LVDT can be used to 
measure displacement or 
movement of components 
in the research relative to 
its position. This is basically 
an electronic version of dial 
gage but with more 
capabilities because the 
movement can be detected 
by computers in a very 
short time interval. 
 Load Cell Load cell is used to 
measure force in tension or 
compression. Load cell with 
low and high range 
capacity are available for 
various types of loading. 
 Pressure cell This transducer measures fluid or soil pressure. 
 
Temperature 
transducer/meter 
This is usually a stand- 
alone transducer. But in 
specific research that 
requires measurement of 
temperature or heat 
continuously, it can be 
connected to a data logging 
system. 
 
Accelerometer 
Accelerometer measures 
acceleration with respect to 
gravity (g). This is 
commonly used in research 
related to vibration, 
earthquake, impact, blast 
and speed. 
 
Piezometer 
Piezometer is used to 
measure liquid or water 
pressure underground in 
the field. It utilizes 
pneumatic or strain gage 
systems. Vibrating wire 
(VW) piezometer is more 
popular now for pore water 
pressure. 
 Sound meter Measures level of environmental noise 
 Light meter Measures light intensity 
 
3.2 Data logging 
 
Transducers described above produce 
analog electrical signal that need to be converted to 
digital signal for it to be able to be used in digital 
computer processing. This can be done through the 
use of specialized hardware and software called 
datalogger. In some situation, if the analog signal is 
too small or too noisy, it has to go through another 
hardware called amplifier to be filtered and 
amplified first. 
There are two general class of datalogger. 
One is static datalogger and the other one is 
dynamic datalogger. The choice of use depends on 
the type and quality of data required. If the required 
data is very sensitive to time such as impact, 
vibration and other high speed phenomena, the 
dynamic datalogger is required. Static datalogger is 
sufficient for test such as load, pressure and 
temperature test. Data capture interval for static 
datalogger is usually only up to one second interval. 
However, in the case of dynamic datalogger the 
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interval can be set to micro or nano second (usually 
in terms of hertz i.e. 1000hz, 5000hz or 25000hz – 
cycles per second). 
 
4.0 CONCLUSION 
 
To experiment is to try, to look for and to confirm 
(Srinagesh, 2009) quantitatively. Experimental 
research in engineering and built environment 
requires specific instrumentation to control, predict 
and measure the cause and effect. The researcher 
must be able to know what kind of qualities and 
properties to be measured and can be measured 
with current existing technology. Then, the 
experiment can be done in laboratory, in the field or 
using computer model or a combination of those. 
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BT001 
 
Performance Assessment of Maintenance Practices in Government Office 
Buildings: The Case Study of Parcel E, Putrajaya 
 
Awg Ismailludin bin Awg Husaini and Amin Akhavan Tabassi 
 
Building Technology Department, School of Housing, Building & Planning, USM, 11800 Penang 
 
aismailludin.uhbp10@student.usm.my , akhavan@usm.my 
 
 
Abstract: 
 
Building maintenance practices is the important matter to be considered by the building facility manager or 
building owner. It involved 24 hours per day operation to ensure that end users can work or live comfortably and 
safely. Through effective maintenance practices, the functions of the existing building facilities can be 
maintained and meet the needs of the building users. Effectiveness of maintenance practices in maintenance 
aspects such as planning, organization and supervision required for satisfactory performance of the building 
has to be at a good level all the time. In determining the maintenance aspects of the facility's management, a 
study was conducted on a government office building in the Federal Government Parcel E, Putrajaya. To 
achieve the target of this study, three (3) objectives were identified – i.e. to identify the key aspects of 
performance measurement for maintenance management of government office buildings; to determine the 
effectiveness of maintenance management of government office buildings; and to recommend the strategic 
implementation plan in order to enhance maintenance service delivery. Interview and questionnaire survey 
were used to obtain the required data. This outcome of this study indicated that the aspects of building 
maintenance practice can influence the satisfaction of the end user and also the effectiveness of the 
maintenance management in government office buildings. In this case study, several aspects of building 
maintenance practices have to be improved in order to enhance existing building maintenance management. 
Recommendation in this study will be useful as a guideline for an effective facilities and maintenance 
management. 
 
Keywords: Performance measurement, Key indicators, End users, Government Office Buildings, Occupants 
satisfaction. 
 
 
1.0 Introduction 
 
Maintenance management in private and public 
sectors has been rapidly changing throughout the 
years. This is due to several factors such as 
enhancement of sophisticated technology, 
globalization and change of economy are some of 
the main causes (Horner et al , 1997). There are 
many definitions of maintenance. A prime aim of 
building maintenance is to preserve a building in its 
initial effective state, as far as practicable, so that it 
serves its purpose effectively (Al-Zubaidi, 1997 ; 
Chanter and Swallow, 2007). Coetzee (1998) 
defines this as activity that aims to optimize the 
availability and reliability of production equipment 
and maintain its operability at an acceptable cost 
level. It was also described as a systematic 
direction and control of operation processes (Certo, 
2000). 
Over recent years there have been many there 
have been many developments of a generic nature 
that have had a profound effect on the manner in 
which estates are managed and maintained. A 
significant drivers has been the rapid growth of 
facilities management, and connected with this, 
directly and indirectly, have been initiatives in 
procurement strategies, contracting out, and 
performance monitoring and measurement. The 
best way to achieve excellent maintenance is to 
have a maintenance management that matches as 
closely as possible the expected requirements of 
the user (Pintelon, 1999). This study aims to unveil 
the problems that occur in performance assessment 
of maintenance practices of building maintenance in 
some government offices and to determine client’s 
or user’s satisfaction, but it is also used to fulfill 
other objectives. 
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Other than that in facilities that present to 
people and the building management must have to 
building that are services. Services are including 
such as electric, piping, lift for high rise building, 
maintenance, worker that handle in cleaning, 
security and etc. Within this equipment, this will 
help the public want to come and come again in 
building and very satisfied with the services system. 
This also can increase the economic system in that 
city actually. Maintenance Management involves 
services associated with real estate management 
and systems. Of course the motivations for 
outsourcing in any industry are driven by an ever-
greater organizational pursuit to ensure cost 
discipline, whilst improving quality of service and 
delivery capability. 
 
2.0 Problem Statement 
 
Despite the realization of the importance of the 
management and maintenance of the buildings and 
facilities, it has not been emphasized clearly and 
systematically, which results in over budget costing 
for maintenance and remedial works (Zakaria and 
Hamzah, 2007). Many building defect complaints 
are reported in public buildings such as ceiling 
collapse in Parliament building in year 2006, leaking 
pipes in Mahkamah Jalan Duta (Offical Court Jalan 
Duta, Kuala Lumpur) and fungal appeareance at 
the Sultanah Aminah Hospital Johor in year 2007. 
The reported cases are described in a chronology 
of events starting from year 2005 to 2007 (refer to 
Table 1). 
Table 1. Chronology of Defects Occurrence in Government and Public Buildings 
DATE/YEAR CHRONOLOGY OF DEFECTS OCCURENCE 
April 2005 Collapsed ceiling at Parliament Building 
*Year 2006 Fungus infection on wall at Hospital Sultanah Aminah, Johor Bharu 
*Year 2007 Defects at Navy Recruit Training Centre (PULAREK), Johor 
*Year 2007 NKVE-Meru highway collapse 
*Year 2007 Floods from 7th floor down to 2nd floor at Immigration Department Putrajaya 
*Year 2007 Plaster ceiling collapse at Entrepreneurial Department Putrajaya 
14 May 2007 Collapsed ceiling at the new court complex in Jalan Duta, Kuala Lumpur 
17 May 2007 Collapsed ceiling at Parliament Building 
21 May 2007 Leaking pipes caused flooding at the new court complex in Jalan Duta, Kuala Lumpur 
28 May 2007 Collapsed ceiling at Hospital Sultan Abdul Halim, Sg. Petani, Kedah 
November 2007 Fungus infection on wall at Hospital Umum Sarawak (HUS), Kuching 
November 2007 Fungus and spores detected on wall at Hospital Temerloh (HoSHAHS) Pahang 
*Exact date not available 
This is due to the building maintenance 
practices on the building that are not consistent. 
The first problem is financial management. To fulfill 
the demands of private and public sectors, there 
are many expected error and defects that will occur 
during the construction and that will be results in 
high cost of maintenance. 
The second problem is bad management. 
Organizations need effective managers and 
employees to maintain smooth management. 
Organizations cannot succeed without their 
personnel efforts and commitment. Job satisfaction 
is critical to retaining and attracting well-qualified 
personnel. This is especially an issue in medical 
institutions such as hospitals where specialist 
training and retention are highly important. 
The third problem is poor building design. It is 
important when decide the material that will be use 
in construction. The differences in capacity and 
facility would triggered a different maintenance 
treatment requires the study to identify whether the 
present maintenance system is can be 
implemented to the all buildings. 
Most government office building has their 
specifications for each and type rooms or spaces 
that set out in the guidelines and rules for building 
plans by the Committee on Standards and Cost, 
Economic Planning Unit, Prime Minister's 
Department. These set a necessary and valuable 
precedent to regulate the standard design for 
government office space that could contribute to the 
building maintenance went the building has 
completed. 
 
3.0 Methodology 
In conducting this case study, base on the 
literature review and journal to guide the researcher 
the prior reference of the maintenance work and 
practices performed by the facilities management 
office building maintenance undertake this.  
The questionnaire was chosen because it is the 
most convenient method to use at all levels of 
participants, and because many of the possible 
subjects move around the building during the 
course 
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of their work, which makes interviewing problematic 
(Mahmud, 2008). 
The case study was to carry out on government 
office buildings in Parcel E, Putrajaya and become 
the focus for data collection. Responders were the 
occupants of each block that has fourteen (14) 
blocks a whole. 
Multiple data collection techniques were used in 
data collection process that is the combination of 
both quantitative and qualitative methods, which 
includes focused on questionnaire of case studies 
and observation. Results of the interviews were 
then analyzed for the research evaluation on the 
systems applied by the building maintenance 
practices and for the relationships identification 
between the main two variables. 
Observation is also an important step to meet 
the objectives of the study. This is because it leads 
to a certain conditions or behaviors that occur in a 
particular environment. Observations were carried 
out during a visit to the selected case studies. It is 
based on direct observation of the input in this case 
study. 
For the questionnaire part, in total, 200 
questionnaires were distributed to fourteen (14) 
office blocks and 140 sets were returned for 
analysis. These questionnaires were randomly 
distributed to each block with numbers between 12 
to 10 respondents for each block. Analysis of the 
data from the questionnaire responses provide 
accurate data from the tables that have been 
produced. 
 
4.0 Analysis and Findings 
 
In this survey, it was conducted in Parcel E, 
Putrajaya. It’s consisting fourteen (14) blocks in 
Parcel E, Putrajaya that selected government office. 
The analysis of this case study is on the building 
performance assessment maintenance practices 
that the management facility provide to the end user 
and to determine the score performance either very 
dissatisfied, dissatisfied, average, satisfied, very 
satisfied performance delivery. This features the 
presentation of result which consists of analysis on 
the survey findings pertaining to the satisfaction 
level of the surveyed from building occupants. 
The findings were derived from 140 replied 
survey questionnaires out of 200 survey 
questionnaire sets that have been distributed and 
the respondents consists of the building occupants 
of the government office among fourteen (14) 
blocks in Parcel E, Putrajaya. Answers obtained 
from the questionnaires are used to provide specific 
findings to the study and to provide recommend the 
strategic implementation plan in order to enhance 
maintenance service delivery 
All data were processed by using Statistical 
Analysis Software SPSS 19.0. Base on aggregate 
data using SPSS 19.0 the mean value can be 
determine to get the average value for each 
parameter in each blocks. Building performance 
score is very dissatisfied if the scale category is 
below than 1.99, average if scale is 3.00 to 3.99 
and very satisfied if the scale category is above 5. 
 
4.1 Building performance score result for the 
implementation of maintenance works 
 
Table 2-A presents the summary of results of 
each building performance score based on the 16 
parameters in the questionnaire. The results from 
Table 2-A shows that generally the performance of 
the sample blocks is in average category (3.00 to 
3.99). Only Block #3 has dissatisfied (2.00 to 2.99) 
performance in terms of roof repair, ceiling repair, 
building structure repair, floor surface repair and 
external wall repair  as the score perceived is 2.70 
to 2.90. Whereby for block#4 also has dissatisfied 
(2.00 to 2.99) performance in terms of internal wall 
repair and doors repair as the score perceived is 
2.90 
For overall result for building performance score 
for the implementation of maintenance works was in 
average category (3.00 to 3.99). This is shows in 
Table 2-B. 
 
4.2 Building performance score result for the 
delivery characteristic 
 
Table 3-A presents the summary of results of 
each building performance score based on the 8 
parameters in the questionnaire. The results from 
Table 3-A also shows that generally the 
performance of the sample blocks is in average 
category (3.00 to 3.99). Only Block #3 has 
dissatisfied (2.00 to 2.99) performance in terms of 
response of maintenance officer/technician, 
Communication to maintenance officer/technician, 
satisfied with action taken by officer in charge to 
manage their complains  as the score perceived is 
2.80 to 2.90. 
For overall result for building performance score 
for the implementation of maintenance works was in 
average category (3.00 to 3.99). But only for Block 
#3 has dissatisfied (2.00 to 2.99). This is due to the 
satisfactory of the end user that shows there needs 
attention on this particular block to solves the 
unsatisfactory end user and hence able to identify 
any chronic problems. This is shows in Table 3-B. 
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Table 2-A: Building Performance Score For The Implementation of Maintenance Works For Each Blocks 
1.00 – 1.99 2.00 – 2.99 3.00 – 3.99 4.00 – 4.99 5.00 – 5.99 
Very Dissatisfied Dissatisfied Average Satisfied Very Satisfied 
 
No. Implementation of maintenance works on : 
B
LK
01 
B
LK
02 
B
LK
03 
B
LK
04 
B
LK
05 
B
LK
06 
B
LK
07 
B
LK
08 
B
LK
09 
B
LK
10 
B
LK
11 
B
LK
12 
B
LK
13 
B
LK
14 
1. Roof repair( roof tiles, roof frame, etc) 3.55 3.33 2.70 3.50 3.27 3.44 3.00 3.40 3.00 3.56 3.27 3.67 3.60 3.10 
2. Ceiling repair 3.45 3.44 2.80 3.60 3.36 3.44 3.10 3.40 2.91 3.33 3.00 3.44 3.40 2.90 
3. Building structure repair 3.64 3.67 2.80 3.40 3.27 3.22 3.30 3.70 3.27 3.89 3.64 3.78 4.00 3.60 
4. Floor surface repair 3.91 3.44 2.90 3.20 3.45 3.44 3.30 4.30 3.55 4.33 4.18 4.00 4.50 4.10 
5. External wall repair 3.64 3.56 2.90 3.10 3.18 3.22 3.20 3.70 3.27 4.00 3.82 3.89 4.10 3.60 
6. Internal wall repair 3.64 3.67 3.00 2.90 3.27 3.11 3.20 3.80 3.45 4.00 4.00 3.78 4.20 3.80 
7. Doors repair 3.73 3.56 3.00 2.90 3.45 3.56 3.30 4.10 3.27 4.00 3.91 3.56 4.20 4.00 
8. Windows repair 3.55 3.78 3.20 3.00 3.36 3.44 3.10 3.80 3.64 3.89 3.91 3.44 3.90 3.60 
9. Sanitary fittings repair ( tap, closet, waste pipe) 3.36 3.67 3.00 3.10 3.36 3.56 3.50 3.70 3.73 3.67 3.55 3.22 3.70 3.40 
10. Air-condition repair 3.64 3.78 3.20 3.30 3.82 3.67 3.40 3.60 3.73 3.89 3.82 3.89 3.90 3.50 
11. Lighting repair 4.09 3.89 3.60 3.50 3.82 3.56 3.60 4.00 4.27 4.33 4.45 4.22 4.40 4.10 
12. Electrical installation repair (plug,electrical.short 3.91 3.78 3.40 3.60 3.64 3.33 3.60 3.90 3.91 4.11 4.09 3.89 4.20 3.80 
13. Firefighting  system check (exit signage,fire 
extinguisher,etc) 
3.91 3.22 3.20 3.60 3.36 3.67 3.00 4.10 3.82 4.22 4.00 4.11 4.50 4.00 
14. External building cleanse (corridor,drainage) 3.45 3.56 3.00 3.40 3.64 3.89 3.20 3.40 3.64 3.67 3.45 3.56 3.60 3.40 
15. Internal building cleanse (lab,classroom) 4.00 4.11 3.20 3.40 3.45 3.78 3.50 4.00 4.27 4.33 4.36 4.11 4.30 4.10 
16. Toilet cleanse 3.73 3.56 3.00 2.90 3.55 3.33 3.40 4.40 4.18 4.56 4.27 4.11 4.40 4.30 
 
Table 2-B: Building Performance Score For The Implementation of Maintenance Works As Overall 
 
B
LK
01 
B
LK
02 
B
LK
03 
B
LK
04 
B
LK
05 
B
LK
06 
B
LK
07 
B
LK
08 
B
LK
09 
B
LK
10 
B
LK
11 
B
LK
12 
B
LK
13 
B
LK
14 
Implementation of maintenance works 3.64 3.41 2.80 3.43 3.36 3.44 3.13 3.70 3.15 3.74 3.48 3.70 3.83 3.37 
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Table 3-A : Delivery Characteristic Action From End User To The Maintenance Works For Each Blocks 
 
Delivery characteristic 
B
LK
01 
B
LK
02 
B
LK
03 
B
LK
04 
B
LK
05 
B
LK
06 
B
LK
07 
B
LK
08 
B
LK
09 
B
LK
10 
B
LK
11 
B
LK
12 
B
LK
13 
B
LK
14 
1. Response of maintenance officer/technician. 3.55 3.56 2.90 3.20 3.64 3.33 3.20 4.20 4.00 4.22 4.09 3.89 4.20 4.00 
2. Response of emergencies defects. 3.45 3.44 3.00 3.20 3.64 3.44 3.30 3.50 3.36 3.56 3.36 3.89 3.70 3.50 
3. Quality of maintenance works. 3.55 3.56 3.10 3.00 3.36 3.67 3.30 4.00 3.64 4.11 3.91 4.00 4.10 3.90 
4. Communication to maintenance officer/technician 3.55 3.44 2.80 3.20 3.45 3.67 3.40 3.80 3.64 3.78 3.82 3.67 4.00 3.70 
5. Overall satisfaction of maintenance works 3.55 3.56 3.00 3.10 3.64 3.67 3.20 3.30 3.45 3.56 3.64 3.22 3.70 3.30 
6. General condition of this building operation system. 3.45 3.44 3.10 3.30 3.73 3.67 3.40 3.50 3.45 3.56 3.45 3.33 3.50 3.40 
7. Have you satisfied with action taken by officer in charge 
to manage your complains? 
3.55 3.44 2.80 3.20 3.45 3.44 3.10 3.80 3.55 3.89 3.82 3.78 4.00 3.70 
8. Overall satisfaction of maintenance works 3.64 3.56 3.00 3.20 3.55 3.44 3.30 4.00 3.64 4.00 3.91 3.78 4.20 3.80 
 
Table 3-B : Delivery Characteristic Action From End User To The Maintenance Works As Overall 
 
B
LK
01 
B
LK
02 
B
LK
03 
B
LK
04 
B
LK
05 
B
LK
06 
B
LK
07 
B
LK
08 
B
LK
09 
B
LK
10 
B
LK
11 
B
LK
12 
B
LK
13 
B
LK
14 
Delivery characteristic 3.53 3.50 2.96 3.18 3.56 3.54 3.28 3.76 3.59 3.83 3.75 3.69 3.93 3.66 
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Table 4-A : Opinion From End User On Maintenance Management Must Produce Strictly Policy Of Maintenance Works For Each Block 
 
1.00 – 1.99 2.00 – 2.99 3.00 – 3.99 4.00 – 4.99 5.00 – 5.99 
Strongly disagree Disagree Average Agree Strongly agree 
 
 
Maintenance management must produce strictly 
policy of maintenance works 
B
LK
01 
B
LK
02 
B
LK
03 
B
LK
04 
B
LK
05 
B
LK
06 
B
LK
07 
B
LK
08 
B
LK
09 
B
LK
10 
B
LK
11 
B
LK
12 
B
LK
13 
B
LK
14 
1. Planning on maintenance works that have been carried 
out are required to be highly improved 
4.55 4.33 4.20 4.20 4.09 4.22 4.30 3.50 3.45 3.67 3.45 3.33 3.40 3.40 
2. Scheduling on maintenance work that have been 
carried out are required to be highly improved 
4.64 4.33 4.00 4.20 4.18 4.33 4.10 3.60 3.82 4.22 4.09 4.11 4.00 4.10 
3. The work and response of maintenance officers to 
solve the defects on client complains need 
improvements 
4.55 4.11 4.10 4.20 4.18 4.22 4.20 3.80 3.55 3.67 3.45 3.33 3.40 3.40 
4. Response to emergency defects need improvements 4.45 4.22 4.20 4.20 4.27 4.22 4.20 4.10 3.45 3.67 3.45 3.33 3.40 3.40 
 
Table 4-B : Opinion From End User On Maintenance Management Must Produce Strictly Policy Of Maintenance Works For Each Block As Overall 
 
B
LK
01 
B
LK
02 
B
LK
03 
B
LK
04 
B
LK
05 
B
LK
06 
B
LK
07 
B
LK
08 
B
LK
09 
B
LK
10 
B
LK
11 
B
LK
12 
B
LK
13 
B
LK
14 
Maintenance management 
must produce strictly 
policy of maintenance 
works 
4.55 4.25 4.13 4.20 4.18 4.25 4.20 3.75 3.57 3.81 3.61 3.53 3.55 3.58 
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4.3 Building performance score result for the 
delivery characteristic 
 
Whereas for the opinion from the end user were 
shows in Table 4-A for maintenance management 
must produce strictly policy of maintenance works. 
score based on the 4 parameters in the 
questionnaire. The results from Table 4-A also 
shows that generally the performance of the sample 
blocks is in agree category (4.00 to 4.99). This may 
be the intention of the end user to get delivery 
system for effective maintenance of buildings and 
aspects of effective performance maintenance 
practices to ensure their safe environment. 
It also shows as overall opinion in Table 4-B 
that the results from Table 4-A also shows that 
generally the performance of the sample blocks is 
in agree category (4.00 to 4.99). 
 
 
5.0 Recommended Implementations Solution 
 
Strengthening the effective maintenance 
practice is to appoint a person responsible for all 
aspects of asset maintenance in the building. 
According to Miles and Syagga (1987), bad 
management may be simply a reflection of idleness 
and waste among maintenance personnel, but 
there is usually much more to it than that. 
Therefore, in order to carry out maintenance 
activities that meets the needs of consumers. 
Maintenance management should carry out 
maintenance work smoothly and the person in 
charge of the maintenance department must be 
competent in the roles and responsibilities of the 
complaints received by them more seriously. 
Conduct maintenance operations plan, and 
identify maintenance activities for all aspects of the 
maintenance carried out in a timely manner and 
reduce complaints records were not treated. This 
will give greater confidence to the end user on the 
performance of maintenance practices 
implemented. 
Evaluate and review the maintenance program 
has been implemented. By the revaluation of 
maintenance aspects are very important in 
determining whether the targets have been 
achieved, and to find out what can be done to solve 
the remaining problem that occurred. 
 
6.0 Conclusion 
 
Effectiveness in practice building maintenance 
and to be able to determine the level of customer 
satisfaction in improving the performance aspects 
of building maintenance practices. This approach 
can increase the potential larger in analyzing the 
performance of building maintenance practices 
because it uses a strategic approach to achieve the 
best quality. Evaluation of the integration of 
behavior, perception and opinion building 
occupants as users of the building. This requires a 
high level of professional skills in meeting the end 
user needs for a proactive and high quality service. 
This case study was carried out to give that 
scenario a government office building maintenance 
management in Malaysia, in particular to the 
development of maintenance management systems 
and performance measurement system building 
maintenance practices. 
Results from this study has also provided 
guidance on key considerations and 
recommendations for further performance of 
building maintenance practices on government 
offices and public buildings. As the findings 
showed, the majority of the performance 
parameters or aspects of building maintenance 
practices (building elements, services and 
environment) has a same demand with the building 
occupant satisfaction. 
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Abstract: 
 
Fire is a one of the subject that is always mistreated and ignored as far as heritage building is concerned. 
Unlike the newly built buildings which need to undergo some fire protection system test as required under 
UBBL, people are less likely to accomplish  fire protection system test and detailed assessment  in heritage 
building. Thus, this research is significant to accomplish several objectives including studying the current fire 
emergency plan, besides identifying and assessing the possible fire hazards of heritage buildings in Penang. In 
the end of the research, this research will come out with recommendations for the improvement of existing fire 
emergency plan under Fire Rescue Department Malaysia (FRDM) requirement. The research methodology of 
this study began with determination of research topic, aim and objective. Literature review is then carried out to 
be a precursor in the introduction of this particular study. This research will focus on qualitative research. 
Several case studies are carried out to enhance the actual situation of the research topic and bringing the 
reader to an understanding of the complex topic of the research, including Khoo Kongsi, Cheah Kongsi, Hock 
Teik Chen Shin Temple and Teochew Temple through the aids of Fire Rescue Department Malaysia. After 
conducting site observations, the residents of the building are interviewed to obtain data for further analysis. It is 
crucial to produce a better, clearer and more concise presentation of results. The results and outcome of the 
study are discussed through several aspects, focusing on general health and safety management of the site, 
firefighting system, fire exit routes && signage in the temples, fire hazards, and fire detection and alarm. 
Besides that, the staff awareness & training was studied, as well as the safety of visitors and contractors on 
site. The final step in this research is to prepare the report with aids and comments from supervisor to 
enhance the content of the report. As conclusion, the heritage temples in Georgetown still have a lot to do to 
enhance the fire protection system. The heritage elements in these building are too valuable that nobody can 
afford to lose them in any possible fire outbreak. 
 
Keywords: fire risks, temple, ancestral, heritage, hazards, Penang, fire hazards 
 
 
1.0        Introduction 
 
Georgetown was  inscribed as  one  of  the 
UNESCO World Heritage Sites on the 7th of July 
2008.  In Penang, heritage buildings are listed as 
building of historical significance. Table 1 shows the 
total number of buildings within the Core and Buffer 
zones of both Melaka and Georgetown which was 
nominated   under   the   Nomination   Dossier   for 
Historic Cities of the Straits of Malacca. As most of 
the heritage buildings in Penang were built prior to 
the formulation of Uniform Building by Laws 1984 
(UBBL), these heritage buildings are not subjected 
to the provision of fire safety requirement provided 
by the by-law.  Many of these heritage buildings were   
built   without   much   thought given to fire protection 
and resistance. Hence, more people are placed at 
risk from fire than before. Nevertheless, 
the Fire Rescue Department Malaysia (FRDM) 
requires these buildings to be protected from fire 
risks. At least 3 parties may be involved in the 
assessment of fire risk of heritage building:  FRDM 
personnel, consultant and contractor, and 
maintenance personnel (M. N. Ibrahima, 2011). 
It is broadly acknowledged that fire is one 
of the furthermost threats not only to the building’s 
occupants but also to the building’s fabric and 
contents.   It can cause the total destruction of a 
building and its contents in only a few hours and its 
primary impact is the potential loss of authenticity - 
which is, after all, the quality from which the 
importance of our cultural heritage flows (Stewart 
Kidd, 2003). Fire has long been an adversary   of 
heritage buildings and its structure, with some older 
structures falling victim several times (N.H. Salleh, 
2009). He also pointed out several heritage
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buildings which were badly damaged or burnt down 
by fire in Malaysia, including the People Museum, 
Melaka in 2001, Rumah Pak Ali, Gombak in 2003 
and Sarawak Club, Kuching in 2006. 
 
Table 1: Total number of buildings within the Core 
and Buffer zones of both Melaka and Georgetown 
 
 
Sites Total Number of Buildings Total Buildings Core Zone Buffer Zone 
Goergetown 2344 2321 4665 
Melaka 930 948 1878 
Total 3274 3269 6543 
Source:  Nomination  Dossier  for Historic  Cities of the Straits of 
Malacca 
 
Another   significant   heritage   building   fire 
burnt happened on 11th December 2008, when fire 
destroyed  7 shops  at Penang  Heritage  Site.  The 
incident happened in Lebuh Armenian. Fortunately, 
all occupants  manage  to escape  unhurt  from  the 
tragedy. According to Penang Fire and Rescue 
Department   deputy   director   Mohd   Razam   Taja 
Rahim,  the fire had caused  damage  estimated  at 
RM600,000 (Bernama, 2008). Another fire case 
involving heritage building was reported in Malacca 
on 7th August 2012 where the century-old Lido 
Theatre building, a renowned landmark in the city, 
has gone up in smoke. The blaze, which occurred 
just past midnight, destroyed most of the structure 
in Jalan Kee Ann. Although the building no longer 
housed the theatre but its name was retained due 
to its historic value. The fire burnt all the items in 
the supermarket causing a huge loss to the owner. 
(The Star, 2012) 
Recently   fire   outbreak   also   reported   in 
Jalan CY Choy, Georgetown. On February 24, 2013 
some 10 shop houses in a row went up in flames on 
the Chap Goh Meh celebration  in the evening.   It 
was  fortunate   that  no  one  was  injured  in  the 
incident. The damages were estimated to be more 
than RM1 million. According to Beach Street fire 
station  head,  Ismail  Mohd  Zain,  six engines  from 
nearby fire stations rushed to the scene after a 
distress call was received at 7.55pm. According to 
Ismail, the fire raged as the pre-war properties were 
mainly constructed  from wood, causing the fire to 
spread quickly. (New Straits Time, 2013) 
The price we need to pay for the rebuilt of 
every fire is under-value. For instance, the four out 
of  six  century-old   shop  houses  along  Gambier 
Street, Kuching that were razed to the ground in a 
fire in 2009 will be rebuilt, led by conservation 
architect    and   deputy   chairman    of   Malaysian 
Institute of Architects Sarawak Chapter Mike Boon. 
According   to  Mike,  the  rebuilt  will  cost 
RM3.45mil as more effort needed to retain the 
character of old Kuching in terms of history, context, 
streetscape,  scale, height, rhythm,  details,  texture 
and colour. (The Star, 2012). However,  these fire 
cases in heritage are not limited in Malaysia only. 
Putting this issue into a worldwide  discussion,  we 
can see that fire is also a critical problem to every 
country. In fact, fire damaging  heritage building is 
also  an  international  crisis,  or  instance,  in UK,  a 
rate of more than one heritage building of national 
and international importance have been seriously 
damaged by fire per annum. (Kidd, 1995) 
On March 17, 2010, fire has destroyed much 
of the Uganda World Heritage Site mausoleum 
Kasubi Tombs in Uganda, the final resting place of 
royalty and a UNESCO World Heritage Site dating 
back 150 years, police said on Wednesday. The 
cause of the blaze which started early on Tuesday  
night and which consumed the thatched-roof 
mausoleum and many royal artefacts of the 
Bugandan kingdom has not been identified. A 
kingdom official, Charles Peter Mayiga, said the 
gutted mausoleum was built in 1860 by Kabaka 
Mutesa I and that its historical and cultural 
significance was an object of deep reverence by the 
Baganda. The kingdom's leadership was meeting to 
try and establish what had caused the fire, he said. 
(The Star, 2010). An outbreak of fire in an historic 
building often has more serious consequences 
rather than on a modern building. This is caused by 
the large amount of timber based material used in 
the construction and the weakness in fire resistance 
of the buildings structure and fabric, which can cause 
a total loss around MYR 5 million (A.G Ahmad, 2009). 
 
Table 2: Fire cases reported  around Georgetown 
World Heritage Sites on 1st quarter of 2013 
 
 
DATE 
 
TYPES OF 
BUILDING 
 
LOCATION 
TOTAL 
ESTIMATED 
LOSS 
07/01/13 Office Queen St - 
14/01/13 Shop house Penang Rd > RM200,000 
19/01/13 Shop house Penang Rd RM10,000 
25/01/13 Shop house Hutton Rd RM80,000 
12/02/13 Shop house Beach St - 
18/02/13 Residential 
(Terrace) 
Lebuh 
Nordin 
RM50,000 
24/02/13 Shop house Jln C.Y 
Choy 
> RM1 million 
24/03/13 Store - - 
29/03/13 Workshop Weld Quay >RM100,000 
Temple Weld Quay - 
31/03/13 Shop House Jln Dr Lim 
Chee Leong 
- 
Source: Fire Rescue Department Malaysia, Beach Street, 
Penang, Malaysia 
 
There are a few factors that contribute to 
the fire in this unique yet vulnerable heritage 
building. Most of the heritage buildings are of large 
scale buildings; flammable priceless contents; large 
numbers of visitors; and existing structures weak on 
fire resistance. Fire risk assessment is the 
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assessment of the risks to the people and property as 
a result of unwanted fires ( David Yung, 2008). Thus, it 
plays an important role as many historic buildings in 
Penang are significant of architectural value and 
historical importance and their destruction by fire is 
an irreplaceable loss. The basic elements of 
management planning for fire in heritage buildings 
and collections are to understand the risk of fire, to 
alleviate the risks of fire and to prepare for a potential 
fire while considering the conservation requirements 
of the building and, or, collection. (Denise F. Polit, 
1995). 
All these heritage buildings should be well 
kept  and  protected  from  the  danger  of  fire  at  all 
time. Unfortunately, up to now, there are fairly 
insufficient legislations or guidelines on fire safety for 
heritage buildings in Malaysia.  In fact, FRDM 
stressed the safety of life is the ultimate principle of 
fire safety in a building. Property protection which 
includes protection to building’s fabrics and contents 
of heritage buildings is not really been prioritized. 
Efforts should be made to improve fire protection  and  
resistance  at  historic  buildings  to make certain that 
it is safe from the danger of fire with concerned of 
preserving the building fabric without  destroying   or  
changing   the  features  of existing building. 
Therefore, in turn to complete this research, 4 
heritage buildings in Penang will be chosen as 
samples to accomplish further investigation. 
 
2.0        Methodology 
 
In order to complete the research 
successfully, a descriptive research methodology was 
used for this study. Several approach will be perform 
to complete this research successfully.  The 
proposed research methodology for this research is 
as described as Figure 1. The checklist should be the 
opinion of a panel of experts from four different 
backgrounds was solicited in structured interviews (M.  
N.  Ibrahima, 2011) 
 
 
Figure 1: The proposed research methodology of 
the Evaluation of fire hazards of Heritage Buildings 
in Penang 
The research topic was developed after 
several considerations including researcher’s interest 
and advises from the supervisor. This research does 
not only involve identifying and developing a topic, 
but also put into consideration the aim and 
objectives of the research.  Literature review in this 
research aims to be a precursor in the introduction of 
this particular study and acts as a critical and in   
depth evaluation of previous research. Besides, it 
will also sum up the area of this research allowing 
people reading it to understand the objective of this 
research to be carried out. This research will focus on 
qualitative research. Several case studies are carried 
out to enhance the actual situation of the research 
topic and bringing the reader to an understanding of 
the complex topic of the research.  
The proposed buildings to carry out this 
study includes of Khoo Kongsi,  Cheah  Kongsi, Hock   
Teik   Chen   Shin   Temple   and   Teochew Temple. 
It will be carried out to investigate previous fire cases 
that took place in heritage building. It will be carried 
out through the aids of Fire Rescue Department 
Malaysia. The residents of the building will then be 
interviewed as well after conducting site observations.  
Data  are  obtained  from  interviews with the person 
in charge of the buildings  carried out during the 
case study. Besides that, interview was also 
carried out with the Head of Station of Fire Rescue 
Department Malaysia, Beach Street Station in 
Penang in order to obtain more information of the 
current situation of the whole Georgetown Heritage 
Site. Other sources to obtain data under this 
research include journals, books, article, UBBL and 
data provided by the FRDM. 
The open-ended questions were analyzed 
by researcher through quantitative content analysis, 
aiming to quantify emerging characteristics and 
concepts. Concepts Analysis is the process of 
analysis verbal or written communication in a 
systematic way to measure variables quantitatively 
(Polit & Hungler, 1995) Report is drafted from time 
to time and later submit to supervisors for further 
checking.  Amendments will be carried out according  
to the comments from supervisors in order to 
complete and enhance the content of the report. 
 
3.0        Observation, Result and Discussion 
 
3.1        Case Studies 
Four   ancestral   temples,   namely   Khoo   
Kongsi, Cheah Kongsi, Penang Teochew Association 
and Hock Teik Cheng Sin Temple in Georgetown 
were identified as case study of this research. All the 
temples are historical building with over 200 years 
old. Currently, these buildings are used as a clan 
house and ancestral temple for the new generation 
to worship their ancestral.  The basic information of 
the case studies is summarized in Table 3.
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Table 3: Summarized information of the case studies. 
 
Premises 
 
Khoo Kongsi 
 
Cheah Kongsi Penang Teow Chew Assoc 
Hock Teik Cheng 
Sin Temple 
Use of Premises Clan house Clan house Clan house Clan house 
No of Floors 2 2 1 2 
Approx. Age Since 1851 Since 1810 Since 1869 Since 1892 
Area of building 97,035 sq ft 16,146 sq ft 19,636 sq ft 14,865 sq ft 
Responsible Person Yeap Siok Ching Cheah Sin Choon Ng Yoke You Mr Khoo 
Contact 04-2614 1609 04-261 3837 04-261 5629 016-4149468 
Position Accont. Asst. Trustee Executive Secretary Trustee 
 
Leong  Shan Tang Khoo Kongsi  is one of 
the most distinctive Chinese clan associations in 
Malaysia.  It is founded in 1835, serving the Khoo 
clan from Hai Teng area, Chiang Chew prefecture, 
Hokkien province. The magnificent temple building, 
surrounded  by  clan  dwellings,  was  completed  in 
1906. It is well known  worldwide  for its extensive 
lineage that can be traced back 650 years ago, as 
well as its closely-knit and defensive congregation 
of buildings and a magnificent  clan house. It was 
last restored in 2001. Cheah Kongsi, located at 
Armenian  Street,  Penang,  is an eclectic  mix of a 
Chinese  mansion,  Chinese  temple, and European 
bungalow considered  most charming clan temples 
tucked away in a hidden recess of George Town. 
The  kongsi  was  founded  somewhere  before  the 
year 1820 whereas the clan temple now stands was 
acquired  in  1858  at  Armenian  Street.  It  took  15 
years  to  build.  The  main  prayer  hall  of  Cheah 
Kongsi Ancestral Temple is on the upper floor. As is 
the tradition, the deities are arranged into three 
shrines.   Most of these deities are deified forms of 
historical personalities. The premises also include a 
similarly eclectic office building and surrounding 
rentable properties. 
The  Han  Jiang  Ancestral  Temple,  where 
Penang Teochew Association is housed, is a grade 
one heritage property of Penang. It underwent 3rd 
major restoration  in its history during 2003, which 
spanned  for 18months.  It is located  along  Chulia 
Street, facing Queen Street. The Penang Teochew 
Association consists of two buildings,namely the 
HanJiang  Ancestral  Temple  and  the  office  block. 
The  Ancestral  Temple  was  completed  in  1870-
1890.  It is  a  three  hall  structure  with  a  portal 
building (front hall), a courtyard, a middle hall, an air 
well and galleries  and a rear hall. The Hock Teik 
Cheng Sin Temple, also known as Poh Hock Seah, 
is a clan temple of the Hokkien people who trace 
their origin to Southern Fujian Province in China. 
The   temple   and   its   surrounding   buildings   are 
believed to have been constructed between 1850 
and 1867. The tilting roof was constructed using the 
complicated “no nails” bracket system. The 
organizational structure of the Hock Teik Cheng Sin 
Temple does not function as a “mothering 
institution” but a Board of Trustees holds the 
property for the use  of  the  fourth  brotherhood 
societies,  namely, Tong  Kheng  Seah,  Poh  Hock 
Seah,  Cheng  Hoe Seah and Hokkien Kongsi. 
 
3.2        Analysis and Discussion 
 
3.2.1     Fire Hazards 
 
The degree of fire resistance of interior 
materials e.g. the finishing material of interior 
furniture, fixtures, veneers, museum objects, building 
materials in special exhibitions rooms, the materials 
used in storage are risks post by the building itself 
and its content (Opus  Consulting  Ltd,  2004). After 
the fire risks assessment was carried out, it is found 
that the fire risk of the temples is mainly from the joss 
stick used to worship the ancestral. Besides, the fire 
hazards are more likely to come from the oil 
lamps where the posterities light up the oil lamps 
as to pray for good fortune. The procedures  
operating  to  prevent  the accumulation  of these  
combustible  materials  vary according to temple.  
Khoo  Kongsi  makes  a good example  in keeping  
the  combistle  materials whereas Hock Teik Cheng 
Sin Temple are relatively less aware of this issues   
as  the  combustible materials are not well kept as 
shown in Figure 2. There should be a store to keep 
all the flammable materials in the temples. 
 
 
Figure 2: Materials to worship are not well kept. 
 
Besides, another fire hazard of the temple 
is that the building  is made up 70% from timber. 
Figure 3 shows a typical worship hall of these 
ancestral temples in Khoo Kongsi. It is clear that the 
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area is madu up almost 70% by timber.  Timber is a 
highly  flammable  building  material.  Thus,  the  fire 
risks increased proportionally with the types of 
building materials.  Nobody actually staying in four 
of  the  temples  nowadays,  thus  there  is  no  open 
flame and fire hazard from the kitchen as compared 
to old times. The main electrical installation and 
equipment  are  inspected  occasionally,  depending 
on situation of each temple. In preventing electrical 
fire,  there  is however,  no testing  procedure  been 
carried out. 
 
 
Figure 3: Khoo Kongsi – A typical worship hall of 
the ancestral temple 
 
3.2.2     General Health and Safety Management 
 
In health and safety management wise, the 
owner and authority of Khoo Kongsi are doing good 
job  where  the  documentation  of  the  health  and 
safety policy of Khoo Kongsi is well kept although 
they do not have any officer solely in charge of it. 
There  is  however,  no  regular  check  on  the  fire 
safety inspection in four of the temples. There is no 
designated competent person for health and safety, 
in accordance with the requirement of the 
Management   of   Health   and   Safety   at   Work 
Regulation in four of the temple which indicates the 
lower awareness in public risk and health factor. 
There is no document risk assessment for general 
work  activities  carried  out within  the building  too, 
making the occupants of these temples are not well 
aware  of health  and safety  policy of the building. 
There is still lack of awareness among the owner of 
the temples as it is a private building and not bond 
to any rules and regulations in the management of 
health and safety system. 
 
3.2.3     Staff Awareness & Training 
 
As far as we can establish, the occupants 
in the temples aware of their responsibilities in the 
event of fire.  They are aware  of  the  escape  route,  
the location of fire extinguishers and the structure of 
the building although there is not any training cover 
all relevant fire related information and guidance 
introduced  to  them.  Basically,  only  staff  in  Hock 
Teik Chin Seng Temple does not practice good 
housekeeping to prevent fire hazards and maintain 
safety standards. The flammable materials are not 
well kept in the temple  and this should  be taken 
serious  before  any  fire  hits  the  temple.  None  of 
these  temples  carry out fire risks tests  within  the 
building as an effort to ensure employees are aware 
of the fire exits and auction  to take.  There  is no 
emergency plan developed for the company and is 
it easily available to employees and communicated 
too. The staff awareness and training regarding fire 
risks is still very low in four of the temples. 
 
3.2.4     Fire Fighting 
 
In Khoo Kongsi, there are several numbers 
of fire extinguishers around the building. A total 
number  of 27 fire extinguishers  recorded  in here, 
with estimating RM1000 was spent a year on them 
according to Account Admin, Ms Yeap Siok Ching. 
The fire extinguishers are all placed in the worship 
hall at first floor and also the museum  at ground 
floor.  Cheah  Kongsi  and Teochew  Temple  has a 
total number of 10 and 13 fire extinguishers 
respectively, whereas Hock Teik Cheng Sin Temple 
does not install any fire extinguisher  (Table 4). In 
Khoo Kongsi, there is a fire extinguisher is located 
near to the location of a higher fire risk, which is the 
worship  hall,  where  joss  sticks  and  candles  are 
often  used.  The  location  of  several  fire 
extinguishers  of Khoo  Kongsi,  Cheah  Kongsi  and 
Teochew Ancestral Temple are shown in Figure 4, 
Figure 5 and Figure 6 respectively. 
 
 
Figure 4: The location of several fire extinguishers 
and a fire hydrant found at Khoo Kongsi. 
 
The portable fire extinguishers used are of correct 
type, which is Class A fire extinguisher. All the fire- 
fighting appliances certified by FRDM annually, with 
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all of them properly coloured coded. Money is spent 
annually  to  make  sure  the  fire  extinguisher  is  in 
good condition. For all the temples, the employees 
are well known about the location of each fire 
extinguisher and they have been shown how to use 
the  correct   type  of  fire  extinguisher.   However, 
among the four temples, only Khoo Kongsi we can 
find fire hydrant. It can be easily found in the open 
space of Khoo Kongsi area (Figure 4). 
 
 
Figure 5: The location of several fire extinguishers 
found in Cheah Kongsi 
 
 
Figure 6: The location of several fire extinguishers 
found in Teochew Ancestral Temple 
3.2.5     Fire Exit Routes & Signage 
 
Under UBBL clause 166, it states that every 
floor space shall be provided with at least two exits 
on the basis that if one exit is inoperable, the other 
exit can serve the function. Every ancestral temple 
fulfilled this aspect because all of the temples have 
more than one excess to upper floor.  It meets the 
requirement of to provide with at least two exits on 
the basis that if one exit is inoperable, the other exit 
can serve the function.  However, the exits routes in 
these  temples  are  not  provided  with  conspicuous 
exit sign such as the “Green  Running  Man” on a 
white  background.  However,  it  is  quite  easy  to 
escape  from these temples  as the points of exits 
from  the  building  clear  of  obstruction.  All  floor 
surface and stairs on escape routes are free from 
tripping  and  slipping  hazards.  However,  the  door 
used in all the ancestral temples are not fire rated 
door. This puts people in dilemma because  when 
efforts  are  made  to  protect  the  heritage  art  and 
culture of the elements of these temples, we need 
to compromise a little with these art values. 
Lighting wise, it can be considered as 
satisfactory   as   all   lighting   (normal   and   where 
provided emergency) on escape routes are fully 
operational. However, to the needs of the disable, 
all  the  four  temples  have  not  provides  mean  of 
escape adequately for them. The escape routes of 
these ancestral buildings are by far satisfactory and 
they  all  leads  in  different  direction  to  places  of 
safety,  as shown  in Figure  7, the  open  space  in 
Cheah Kongsi. 
 
 
Figure  7:  Large  open  space  outside  of  Cheah 
Kongsi for mean of escape during fire outbreak. 
 
3.2.6     Fire Detection & Alarm 
 
In  fire  detection  and  alarm  wise,  none  of  the 
temples surveyed has smoke / heat detectors fitted 
to the temple  (Table  4). According  to interviewed 
outcome,  they  are  not  aware  of  the  types  and 
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Premises 
 
Khoo 
Kongsi 
 
Cheah 
Kongsi 
Penang 
Teow 
Chew 
Assoc 
Hock Teik 
Cheng Sin 
Temple 
Fire 
Extinguisher 27 10 13 0 
Smoke 
Detector 0 0 0 0 
Fire Route YES NO NO NO 
Total annual 
cost on fire 
protection 
RM 
1000 
RM 
360 
 
RM 480 
 
RM 0 
 
 
 
usage  of smoke  / heat  detector  thus  there  is no 
such  protection  in  the  temples.  To  Mr  Ismail  bin 
Mohd  Zain,  the  Head  of  FRDM  Beach  Street 
branch,  there  are  plenty  of  smoke  detectors  in 
market   which   are   suitable   for   these   heritage 
buildings, while all the owners have to do is include 
it   in   the   heritage   buildings.   However,   to   the 
research time, there is still no smoke detector found 
in the temples. Smoke detectors is advisable to be 
installed in all other location of the temples except 
the worship hall as there will often be smokes 
produced from the joss stick. Similarly, there is no 
fire  call  point  (break  glass)  in  the  temples  too. 
Another reason given was that all these temples are 
actually easy to escape to a safe open space, thus 
they reckon they do not need the fire alarm in their 
building. On the other hand, there is no hose reel 
found in all the four ancestral temples. This is due 
to the lack of UBBL practice in heritage buildings. 
 
Table 4: Summarized of fire protection system 
practiced in the case studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2.7 Safety of Visitors and Contractors 
 
All the ancestral temples are open to public 
for visits, thus the fire safety of visitors should be 
taking into account. From the interviews done, it is 
clear  there  is  not  obvious  communication  in  the 
event of making sure the public aware of what to do 
when  they  are  caught  in  fire.  The contractors 
working in the temples need not sign a proper 
procedure to provide for their safety in the event of 
fire too. This shows the lack of communication in 
the event of contractors or maintenance work being 
carried out with the owners in fire risks issues. 
 
Conclusion 
 
It is clear that the ancestral temple in 
Georgetown, Penang has not achieved a high level 
of fire risk protection awareness. The fire risks are 
in moderate condition but it is obviously a lot more 
can be done to prevent the fire outbreak in these 
beautiful buildings.  As to treasure the heritage 
values in the buildings, thus efforts to protect them 
should be parallel with our love to these buildings. 
The fire protection systems carried out in these 
buildings are still very limited. The fire protection 
system is of a very simple and basic level where 
only  fire  extinguishers  are  provided.  Fire  hydrant 
can be found only in Khoo Kongsi, making people 
doubt the fire protection level of these buildings. 
Owners should aware that the buildings are made 
up of 70% timber, which is highly flammable. Things 
and effort should be done more accordingly an not 
solely rely and limit to the fire extinguisher. The 
system should be reviewed. 
There is no intrusion from  the  Fire  and 
Rescue Department Malaysia in helping and 
consulting them on issues to increase the fire 
protection  level in the buildings.   To increase the 
fire  protection   in  these   ancestral   temple,   it  is 
advisable that the owner seek some advises from 
the  FRDM.  The  buildings  /  temples  are  under 
private property license, FRDM will never have 
authorized to intrude in the fire protection system if 
the owner does not want to involve them in the fire 
safety planning.  Thus, temple trustee and owners 
should  put into  consideration  in inviting  FDRM  in 
their temple future development planning.  
In conclusion, there are still a lot more to be 
done in turn to enhance the fire protection system in 
the ancestral temples in Georgetown,  Penang. All 
the heritage elements in these buildings are so 
valuable that no one can afford to lose them in any 
possible fire outbreak. A little more effort to be done 
in the present day will ensure massive differences 
in the future. 
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Abstract: 
Malaysia was  initiated the building maintenance in year 1971 which was talked through  Second Malaysian 
Plan, in 1971-1975.Afterwards, the government has introduced an act to provide  proper maintenance and 
management of building which has called Building and Common Property ( Maintenance and Management) Act 
2007.However, school buildings are one of the important facilities for  basic knowledge in everyday life. 
Accordingly, maintenance of school building that is required to serve staff and student well being also needs to 
pay attention for the brick and mortar of the building. Effective school maintenance protects capital investment, 
ensures the health and safety of the children, and supports educational performance. Based on a combination 
of literature survey and questionnaire appraisal, this study evaluate the maintenance practices on schools in 
Besut, Terengganu and Sungai Petani, Kedah. In overall, the study shows that, most of the school buildings 
have not possessed their own maintenance management practices. Moreover, they only stated on doing 
emergency maintenance;- and do not apply any preventive maintenance. The study also find that a planned 
maintenance is more effective compare to the unplanned maintenance, mostly because of a cost reduction of 
repairs by, in planned  preventive maintenance. 
Keywords: Maintenance practices, School building, Besut Terengganu, Sungai Petani Kedah, 
1.0 Introduction 
British Standard BS3811 defines maintenance as 
work undertaken in order to keep or restore every 
facilities, examples every part of a site, building 
and contents, to an acceptable standard. Concept 
of building maintenance is divided into two parts 
namely building maintenance management and 
building maintenance technology.  
 
Building maintenance management should 
properly be regarded as describing how a system 
of maintenance effort could be organized to deal 
with a problem of building maintenance. It 
recognizes that, aside from locating and rectifying 
defect an effective programmed to curb 
maintenance cost of maintenance but also in 
maximizing the benefit of the investment. This 
means that financial consideration and techniques 
play a vital role. Building maintenance technology 
is formed essentially and  deals with the study of 
the building defect such as deterioration of 
building. 
Some factors influencing the decision to carry out 
maintenance was the maintenance needs, the 
prime aim of maintenance is to preserve a building 
in its initial stage and some main purpose of 
maintaining building are retaining value of 
investment, maintaining the building in a condition 
which it continues to fulfill its function and 
presenting a good appearance. 
 
 Furthermore, the effective maintenance 
management embraces many skills including 
identifying maintenance needs and to specify the 
right remedies. 
 
Generally, there have four types of maintenance 
there are, corrective or breakdown maintenance, 
scheduled maintenance, preventive maintenance 
and predictive maintenance. However, this thesis 
has more focused on two types on maintenance 
process, which is preventive maintenance and 
emergency maintenance. 
 
Since the comparison of each maintenance 
strategy depends strongly on performance- 
degradation, minimum level of quality, service life 
and frequency of maintenance operations,have 
been shaped the parameters of evaluating the 
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maintenance practices of the ongoing research 
(Colen and Britol ,2010).  
 
Either than that, constructing a new building helps 
to upgrade educational facilities and provide a 
better quality of education, but it is also necessary 
to maintain the existing building to an acceptable 
performance standard that is capable of facilitating 
the transfer of knowledge and other academic 
activities (Leteect, and Khamidi, 2010). 
 
2.0 Methodology 
 
First of all, the procedures have been followed. 
The researcher explored those problems related to 
maintenance practices on school building, this was 
used  to find some journal papers  that may be 
related  in the  literature review. Secondly, the 
researchers came out with the objectives to make 
them as a guide for the research. Besides, 
hypothesis was created to make it be approving 
for the final analysis. 
 
The case studies were selected through the 
school buildings and according to their age of 
buildings. The aged of the majority of the selected 
schools buildings are almost 15 years and above. 
Seven case studies were selected to gather 
required data for the research analysis. 
 
The school buildings that had been  analyzed 
were Sekolah Kebangsaan Keruak, Sekolah 
Kebangsaan LKTP Tenang, Sekolah Menengah 
Bukit Payong, Sekolah Menengah Tengku 
Mahmud, which is located at Terengganu. School 
in Kedah was Sekolah Kebangsaan Sri Gudang, 
Sekolah Kebangsaan Seri Wang and Sekolah 
Kebangsaan Tun Ismail. 
 
The study has employed  two ways to collect the 
required primary data for analysis that were using 
questionnaire survey and visual inspection. 
Questionnaire was distributed to the teacher and 
those people who were  charged  for the 
maintenance in the schools. This mostly because 
the study needs to know the maintenance 
practices that adopted  in the schools. 
 
Other than that, the visual inspections on the 
schools buildings assist in better analysis and 
provide some proofs to the results of the study. 
This visual inspection was doing without any 
specific instrument and there is limitation on place 
because there are some places that the 
researcher has not allowed to enter in. After 
collecting all the data, those data were analyzed 
by excel  
 
3.0 Observation, Result and Discussion 
 
This observation were being looks according their 
element where is their condition on it. This 
observation where being state on overall not 
according to the school. 
 
3.1 Toilet 
 
Most of condition on toilet in each school was very 
bad. According to the questionnaire it shows most 
of condition in the school were on dissatisfied that 
were 1.81 – 2.6 for the index interval scale. 
 
Condition on toilet were have defect that it will give 
effect for the school building if it did not give some 
attention and secure it. Besides, it also maybe 
gives effect on the student and teacher at that 
school. 
 
Most of the defect that they faced on toilet was 
mould, dampness, broken concrete, water 
leakage, and some sulphate acid. At figure 1 
shows that picture on mould and fungus on the 
wall of toilet. 
 
 
Figure 1: Mould and Fungus on the wall of toilet 
Defect on toilet very badly because they do not 
have any information about the type of defect. In 
addition, the problems they face no one 
experienced in this field to do the survey and 
make a report to the ministry. 
This will be reported in the event of damage would 
be a danger to students and teachers. Because 
they are still not very fluent on the types of defects 
that cause harm to the school building. 
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Figure 2: Broken Concrete 
Defect on toilet not only happen on the toilet, but it 
also happen on the outside of the toilet. Most toilet 
on the school having defect because it were close 
and having source from water.  
Water was factor on having defect. For some 
examples, waste water on toilet make dampness 
happen on the floor and other than that, leakage 
pipe will make unwanted water flow on it and 
make some concrete having peeling paint, 
carbonation and others. 
 
Figure 3: Leakage on floor 
3.2 Ceiling 
Most condition on ceiling was in average stage it 
was on 2.61 – 3.4 on the analysis on 
questionnaire. According to visual inspection, most 
condition on ceiling was in good condition because 
some problems only happen on some part of 
ceiling, not overall ceiling. 
If overall ceiling were faced on problems, it may 
collapse and it will be danger to the students. Most 
of ceiling that has a defect because of the 
dampness. Their condition was do not very danger 
at all. 
Some defect on ceiling was located on library, on 
classroom, prayer room. It was happen on the 
asbestos. Some asbestos were broken and it were 
being seen on the inside of the ceiling. 
 
Figure 4: Mould on the ceiling 
Defect only happen on some asbestos, to make it 
do not happen again, we need to change to new 
one. Before that, we need to find the source of the 
dampness and solve on it first before it will happen 
again although we had change new asbestos. 
 
Figure 5: Dampness and broken ceiling 
3.3 Door 
Most of condition for the door were on 2.61 – 3.4 
were on average stage. There were only some 
problems on door like broken door and termite on 
door. 
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Figure 6: Broken Door 
Their problems on door were happening due to the 
student were make it broken because of 
vandalism habit. Student, who had been naughty, 
will kick the door until it broken. 
  
Figure 7: Broken Door 
This termite attack because of the door was made 
on wood and ant were thinks that were their food. 
It also near to the toilet and make the wood more 
soft because it always touch by water. 
 
Figure 8: Termite attack on door. 
3.4 Structure 
Most respondent were answer the condition of 
their building were on average stage that were on 
2.61 – 3.4 interval scale. Although the aged of the 
school were below 15 years, the condition was still 
good. 
But, some school were faced on danger stage 
because they having some problems on their 
structure, that were their building have some 
settlement on the soil that maybe if do not do 
some precaution, it will effect that building, 
because it were 3 storey building. 
 
Figure 9: Crack that causes by settlement of land  
Mould and fungus on this area happen due on the 
moist condition on it. Beside, this area was having 
dampness because it has some stagnant water 
after having rain. 
 
Figure 10: Mould, fungus and dampness 
Crack on joint also will make some building were 
collapse. This happen due to the over loaded on 
this building. Other than that because, they use 
some low quality in material using they build this 
building. 
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Figure 11: Crack on joint 
3.5 Maintenance Planning 
Most school was do not have their own 
maintenance planning but it were more on 
emergencies planning. There do not do some 
planned maintenance because, they think it were 
not important to them. 
School that had been survey does not do 
preventive maintenance and only give hope to the 
government to cover on it. For examples, when 
they having some problems, they do some report 
on it and wait until government give to the contract 
to secure that problems. 
School management also do not have any 
sufficient budget for the maintenance part. They 
only give that budget to the government to solve 
those problems. 
There are no personal in charge for the 
maintenance, they only do some report for the 
problems to the headmaster or principal, then they 
will call someone to cover on it, or they will report 
it to the government department to cover on it. 
They do not have any planned maintenance 
because it do not expose on their benefit on 
having this plan and it will save the building make 
it having more longer on aged. 
Besides, if teacher were do some complaint on 
problems for the school building, management on 
this school will give that complaint on government 
department to solve it 
Professional on school also did not be hire by this 
school because, management on school do not 
have any important o it because they only have 
small problems, but they do not , were the small 
problems, may affect the hole building if it do not 
be prevent it. 
 
4.0 Overall Analysis 
School in Malaysia was having some serious 
defect for their building but it do not being exposed 
by anybody. This because, at the school do not 
have any professional person who in charge on 
maintenance management. 
This table shows that, the comparison on each 
element to be made that. Maintenance practices 
need to be done to each school to make school 
building aged become more longer. 
Table 1: School in Besut Terengganu 
 
Table 2: School in Sungai Petani, Kedah 
 
5.0 Conclusion 
Based on personal inspection on each school, it 
can be conclude that most of the school was have 
problems on their school due to difference 
problems.  
This because of the maintenance plan that been 
done on each school.  The most problems in doing 
maintenance practices to school was because of 
they do not have sufficient budget allocation for 
maintenance work to the schools. 
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Implementation should be carried out periodically, 
because some problems may occur continuously 
and it cannot be expect. Most schools also have 
problems in their school management system.  
Maintenance is done in a long time because of the 
lack of efficient management and makes no 
immediate action on any complaints or damage 
reported. It is efficient because no party in this 
maintenance. Parties are assigned in this section 
do not have enough knowledge in maintenance. 
The Ministry is also somewhat less immediate 
action on complaints of damage does not affect 
the structure of the building such as, broken 
windows, damaged doors, etc., and to provide 
comfort to students and teachers, every teacher to 
contribute their own money to repair the damage, 
to beauty, hygiene class and for the safety of the 
students themselves. 
Schools building more than 15 years old need to 
be examined. School building there are parts that 
have multiple problems to be resolved quickly to 
avoid any side effects. 
 Every school should have a person in charge with 
knowledge to manage problems faced by the 
school. In addition, they should also provide 
maintenance management itself, without expecting 
immediate maintenance.  
If the responsible person for the school finance 
issue in the proper maintenance, they do not have 
to expect the education ministry, and end the 
dispute immediately.  
Each school should also provide sufficient budget 
to do any maintenance on an emergency without 
expecting expenses from the government itself.  
The suitable maintenance management to school 
was planned maintenance. Most schools do not 
practice regular maintenance, but carry out 
emergency maintenance when needed. 
For the conclusion, each school need to have their 
own maintenance department to cover the 
problems that they will face either in today or in 
future.  
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Abstract:  
 
The Industrialised Building System (IBS) which was introduced in Malaysia since the 1960s is an approach to 
the construction of buildings. It involves the manufacturing and assembling of components in factories and 
production plants. These are then dispatched to project sites where they are installed in processes which 
require minimal labour. Traditional construction methods are still widely practiced, although many researches 
indicate that this method is less effective compared to IBS construction. The existence of the IBS provides an 
increase in techniques within the construction industry. This study is dedicated to making comparisons 
between the two approaches to construction. It is conducted via case studies on construction sites, 
distribution of a total of 100 questionnaires as well as interviewing respondents who are related to this 
discourse. The case studies for this research were conducted at four construction sites within the Malaysian 
state of Penang. Two projects were based on the IBS while the remaining two deployed the traditional 
method of construction. Based on the analysis of obtained results, it can be surmised that the IBS approach 
has more to offer compared to the traditional method. Among these advantages are reduced construction 
durations, reduced overall cost, reduced labour requirements, better site conditions and the production of 
components of higher quality among others. Also, this study managed to determine the perceptions of key 
players in the industry and their rationales in preferring the traditional approach while at the same time, 
admitting to the edges offered by the IBS. 
 
Keywords : IBS, traditional system, strengths and weaknesses, builders perception 
 
1.0  Introduction 
 
 The IBS is not a new thing in the construction 
sector; the concept was introduced in as early as 
1624. The construction industry in Malaysia is 
experiencing a migration from conventional 
methods to a more systematic and mechanised 
method known as the Industrialised Building 
System (IBS). Each state in Malaysia is currently 
examining the developments of the IBS and its 
potential to overcome the shortages of housing 
accommodations in this country. The Malaysian 
government, involved through its agency, the 
Construction Industry Development Board (CIDB) 
has been persistently pushing the construction 
industry to utilise the Industrialised Building 
System (IBS) method of construction since 2003.  
The IBS has been acknowledged as being 
able to offer a potential solution to perk overall 
performances in the construction sector in terms of 
increased labour and work quality, reduced costs, 
sufficient security, waste reductions and enhanced 
productivities (Wa'el Abdulmoghni Mohammed Al-
Aghbari, 2005). The study carried out will observe 
the two aforementioned approaches to 
construction in various perspectives. It is important 
to note that the case studies carried out are of 
several construction projects around the Malaysian 
state of Penang.  Penang is one of the states that 
earliest experienced the construction of the IBS. 
The pilot project was built to compare with 
traditional methods in terms of cost, productivity 
and project quality. The project is located on Rifle 
Range Road, Penang and it was awarded to 
Hochtief and Chee Seng using the French Estoit 
System (CIDB, 2006). The IBS concept was also 
applied to the Taman Tun Sardon housing in 
Penang in 1978. Generally, IBS projects are of 
better quality and have the potential to pose a 
challenge to conventional construction methods 
(International Conference on System of Industrial 
Development, Kuala Lumpur, 2003). 
CIDB Malaysia (2001), defines the IBS as a 
construction technique where the components are 
manufactured in a controlled environment (beyond 
the construction site), transported, placed and then 
assembled in the work site with minimal additional 
structures. The IBS proved to be a success. Not 
only was it efficient in accelerating the construction 
of housing projects, it also improved the quality 
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and affordability of the projects in which the IBS 
was deployed. Despite the IBS being well-known 
and accepted by most construction firms due to its 
theoretical advantage in terms of speed, safety 
and quality; the wet construction method is still 
widely regarded in Malaysia as a conventional and 
safe option despite incurring higher costs and 
slower completion rates. 
 Traditional construction is one of the earliest 
approaches practised in the construction industry 
without involving building materials or finished 
components formed from the factories. The 
traditional method of construction refers to the 
execution of construction work at the proposed 
site. (Bannet and Grice, 1985). It involves the 
setting up of prefabricated building components at 
the construction site which follows the initial 
installation process of a wood or a plywood 
formwork, reinforcement steel, and cast. Most are 
built on reinforced concrete frames. However, the 
authentic traditional construction method uses 
wooden moulds for this purpose. It became more 
expensive due to the inflating costs of labour, raw 
materials, transportation, and also as a result of 
the required long construction periods (Badir et al, 
1998). Examples of traditional construction which 
is also known as cast in-situ are foundations, 
frame structures, floors, walls and roofs. It incurs 
high costs for construction, taking into account the 
expenditures for labour, raw materials, 
transportation as well as the required lengthy 
construction periods.  
  The Malaysian government often provides 
housing projects to the populace. For instance, 
about 800,000 affordable housing units were 
provisioned and expected to be provided under the 
7th Malaysian Plan in which 73.1% were low and 
medium cost houses. Housing development 
projects continued in 2001 until 2005 under the 8th 
Malaysian Plan in which provisions were made for 
more affordable and sustainable housing 
accommodations. The total target was set at 
between 600,000 to 800,000 units. In the 9th 
Malaysian Plan, 43,800 units of low-cost houses 
were built through several housing programmes 
while 29,000 units of low and medium-cost houses 
were built by the Syarikat Perumahan Negara 
Berhad (Bernama, March 2006). The 10th 
Malaysian Plan also added to the statistics of 
quality and affordable housing with an increase of 
161,000 new units which were owned and 
developed by public housing firms. These housing 
projects would contain elements of green building 
technologies and designs (Bernama, 10 June). 
This is in tandem with the government’s 
commitment to satiate the demand for housing 
units. The conventional method is simply unable to 
meet the housing demand in Malaysia due to long 
construction periods.  
  A newly encountered obstacle is the 
traditional mindset of buyers who prefer houses 
built of brick and mortar. There were erroneous 
notions and opinions over one of the pre-cast 
panels where buyers think that it is an element of 
housing construction of a lower quality because it 
is regularly used in the constructions of low-cost 
housing projects in Malaysia. Due to the ongoing 
dilemma, developers today are not willing to take 
the risk to utilise pre-cast constructions.  
The lack of experience and technical 
knowledge of contractors regarding the IBS causes 
the costs to become higher owing to their non-
effectiveness in cost-management. This situation 
brings about an apprehensive feeling with respect 
to the efficiency of using the IBS approach. Not 
possessing the suitable technology and relevant 
experiences pertaining to managing quality 
problems, productivity as well as safety had 
caused local contractors in being unable to 
compete with their counterparts in other countries 
which widely adopt and apply the IBS (Elias Ismail 
et al, 2005). 
Therefore this study was undertaken to 
identify the strengths and weaknesses of the 
methods of construction of the IBS and traditional 
methods. It is also to identify the opinions and 
perceptions of the parties involved in the 
construction industry as well as to gather 
propositions on methods to enhance the use of the 
IBS in Malaysia. 
 
2.0   Methodology 
 
 This research deployed several approaches 
as listed in Figure 1 below with the objective of 
gathering reliable and relevant data of the subject. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Summary of research methodology 
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 The case study in this research was 
conducted to identify the strengths and 
weaknesses of the Industrialised Building System 
as well as those of the traditional method deployed 
in the construction of four targeted projects around 
Penang. The four sites are: 
 
i. Kompleks Ibu Pejabat Mahkamah Syariah, 
Pulau Pinang (IBS) 
ii. Sekolah Kebangsaan Minden Height, Gelugor, 
Pulau Pinang (IBS) 
iii. Masjid Jamek Sg. Gelugor, Pulau Pinang 
(Traditional Method) 
iv. 11 Unit Rumah, Tingkat Dua, Tingkat Satu, 
Tingkat Basemen, George Town, Pulau 
Pinang (Traditional Method) 
 
 In this study, a questionnaire was distributed 
to the builders in the construction sector to solicit 
their answers, comments and opinions regarding 
both construction methods. Besides that, 
interviews were also conducted on a number of 
respondents at the construction sites. 
2.1 Questionnaire Data Analysis 
 
2.1.1 Frequency Analysis (Percentage) 
 
 The frequency analysis technique was used to 
derive results from data obtained through the 
questionnaires. This analysis is used as it is 
relatively easier to conduct and is generally 
comprehensible among the masses. In this 
method, the obtained data will be presented in 
terms of percentages.  
 
2.2  Likert Scaling 
 
 The Likert scale was used to determine the 
weaknesses and strengths of both methods in 
construction. The Table 1 is a table of the 
frequency index that was used to determine the 
first objective of findings. 
 
 
Table 1: Frequency Index Table 
 
3.0 Research Findings 
 
3.1 Respondent Backgrounds and General 
Information 
 In this study, 100 respondents were involved. 
The biggest representation in this study is from 
contractor companies (53%), followed by 
developer companies (17%), the Public Works 
Department (15%), consultation firms (8%) and 
the smallest percentage is contributed by 
architecture firms (7%). According to survey forms 
which were distributed to builders, the majority of 
them had working experiences of between 6 and 
9 years. Generally, those with more than 6 years 
working experiences are common at construction 
sites and have sufficient experience and 
knowledge in both of these methods. So, it would 
be more reliable to depend on them to point out 
the differences regarding the strengths and 
weaknesses of both construction methods. 
Besides, from the questionnaires, it can easily be 
observed that the parties involved in construction 
activities are more likely to use conventional 
methods rather than the IBS method. This 
situation reveals that the construction of IBS is still 
not very much adopted by builders even though it 
has long been introduced.  
 
3.2  Knowledge and Application of the  
Industrialised Building System (IBS)  
 
 As reflected by the diagram in Figure 2, 90% 
of the respondents were familiar with the IBS but 
rarely applied this method in construction. The 
IBS is rarely performed because of the small 
numbers of contractors who refuse to manage 
projects involving the implementation of the IBS 
method. Furthermore, they are more familiar with 
the traditional construction method and they might 
have found it difficult to embrace a new approach 
to construction. In addition, the financial factor is 
another reason they dared not involve themselves 
in the construction of IBS projects. The lack of 
knowledge in the IBS had played its part in 
discouraging builders from participating in the 
constructions of IBS projects. Although only 10% 
of the respondents were familiar and frequently 
deployed the IBS method, this trend might change 
over the next few decades. This may be due to 
the existence of more contractors who are backed 
by strong financial resources besides lucrative 
incentives from the government promoting for the 
implementation of the IBS approach. 
 
Figure 2: Familiarity of Industrialised Building 
System in Malaysia 
 
 There are various mediums through which 
the Industrialised Building System had obtained 
itself attention from among individuals in the 
construction industry here in Malaysia. Many 
builders are introduced to the use of the pre-cast 
Scale Frequency Index 
1 Very Poor 1.00 to 1.750 
2 Poor >1.750 to 2.500 
3 Good >2.500 to 3.250 
4 Excellent > 3.250 to 4.000 
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construction method through workshops, 
seminars and courses.  Government agencies 
such as the Public Works Department (PWD) and 
the Construction Industry Development Board 
(CIDB) have played their roles in providing a 
variety of information to the players in the 
construction industry. Other means are through 
friends and associates in the construction 
industry, from the Internet and from other 
electronic media. The least popular information 
channels are newspapers, articles and etc.  
 According to data analysis, the majority of 
respondents at 72% admitted having sound 
knowledge on the IBS while 1% declared that they 
are in the possession of excellent knowledge on 
this matter. The remaining 27% of the 
respondents who participated in the questionnaire 
admitted that they are rather poor when it comes 
to knowing details regarding the construction 
method involving the IBS approach. This could be 
a result of their recent entry into the construction 
industry. Overall, it is safe to say that players in 
the construction industry have an excellent 
knowledge on matters related to the IBS 
construction due to the various initiatives taken by 
the government in introducing the IBS into the 
construction industry in the country.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Level of Development of the IBS in 
Malaysia 
 
 With reference to Figure 3, 61% of the 
builders agree that the development of the IBS in 
Malaysia is moderate while 8% of the respondents 
state that the level of IBS implementation in 
Malaysia is very low. 6% were unsure about the 
developments of the IBS in Malaysia. 
Nonetheless, 25% of the respondents agreed that 
the development of the IBS in Malaysia is at an 
encouraging level. This is due to the various 
initiatives taken by the government to implement 
construction projects with the IBS concept 
especially in government projects.  
 
3.3  Analysis of the Strengths and 
Weaknesses of the Industrialised Building 
System (IBS) and the Traditional System 
 
 This study was conducted through case 
studies, questionnaires and interviews.  
Respondents involved are builders from the four 
construction sites around Penang which had been 
visited. 
 
3.3.1  Case Studies - IBS vs Conventional 
System 
 
 These case studies were conducted to 
identify the strengths and weaknesses of the 
Industrialised Building System and the traditional 
method for the four projects around Penang 
applying both these methods. Among these are 
Kompleks Ibu Pejabat Mahkamah Syariah, 
Sekolah Kebangsaan Minden Heights, Masjid 
Jamek Sg. Gelugor  and also the SP Setia 
housing project specifically 11 Unit Rumah, Dua 
Tingkat Satu Tingkat Basemen. Many researchers 
have tried to compare these two methods of 
construction. Through these case studies, it is 
found that the IBS has significant advantages over 
the conventional method of construction. Figure 4 
show the erection of structure at Sekolah 
Kebangsaan Minden Heights which was 
completed within 3 months. 
 Responses from the interviews conducted 
upon relevant respondents from each of the four 
projects also point in the same direction. For 
example, in the project involving the school 
building of Sekolah Kebangsaan Minden Heights, 
it took less than three months to erect  the 
structure of the building as a whole while in the 
case of Masjid Jamek at Gelugor, a duration of 
four to five months was required to complete the 
building structure. This indicates that the IBS 
approach to construction can cut down on the 
overall construction period. Statistically, IBS 
construction projects can save up to 30% of time 
compared to the conventional method (CIDB, 
2005).  
 
 
 
   
 
 
 
 
 
 
 
 
 
Figure 4: Erection of IBS Structure Component at 
Sekolah Kebangsaan Minden Heights 
 
 Through analyses of the questionnaires, a 
total mean score of 3.45 which indicates 
excellence was obtained. 50% of the respondents 
agreed that construction endeavours can be 
completed rapidly because of the earlier 
manufacturing and assembling of pre-cast 
components in factories. In contrast, projects that 
deploy the traditional method are difficult to 
complete within a short period of time. This 
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method requires a long duration before 
completion since moulds need to be built and the 
concrete has to be given enough time to set and 
so on. 
 Through the case studies of the four 
construction sites, significant differences in terms 
of the labour workforce involved can be observed.  
In fact, one would be able to discern whether a 
project was deploying the IBS or the traditional 
approach by casting a single glance at the 
construction site during working hours.  
Construction is a labour-intensive industry, more 
so the case in conventional construction. With an 
overall mean score of 3.10, the IBS application is 
able to reduce labour at the construction sites. 
Pre-cast construction method (IBS) is a relatively 
less labour-intensive method, but it still requires 
skilled labour to perform on-site work such as the 
installation of IBS components. This explains the 
minimal number of labourers because they are 
only used for the installation of the IBS 
components (Warszawski, 1999). Contrary to 
conventional methods which require more labour 
to complete work such as formwork fabrications, 
reinforcement bar or steel cage fabrications, 
formwork installations, reinforcement bar 
installations, concrete placements and formwork 
dismantling, the use of the IBS method will reduce 
the dependency on foreign labour. However, the 
use of skilled labour is needed for the installation 
of mechanical equipments and components that 
involve heavy machineries like cranes at 
construction sites. Figure 5 shows, traditional 
construction methods was involved more 
construction workers on the construction site. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Labours on  Traditional Construction at 
SP Setia site 
 
 Through research, labour efficiency is one of 
the factors that contribute to increased 
productivity. It is an important element in projects 
that will contribute to increased building costs. 
Declines in labour productivity can reduce wages 
as a man is paid depending on the amount of 
work that he does. Workers who do not work 
optimally at the construction site will impede the 
progress of the project and lengthen its 
completion. This phenomenon makes the 
conventional method appear cheaper compared 
to the IBS approach.  Besides, the IBS offers 
lower costs to build large and repetitive designs 
within a short period of time. This leads to the 
lowering of the overall cost of the project provided 
that the project is a large one which involves high 
degrees of repetition. However, the costs of the 
initial stages of construction are usually higher 
because during these phases, the involvement of 
complex machineries would be eminent for the 
preparation, casting, curing and treatment, 
stripping and demoulding as well as in the 
inspection, lifting and handling processes. 
Furthermore, IBS components are also 
considered to be expensive due to the small 
numbers of IBS components manufacturers in 
Malaysia. Figure 6 shows the use of steel 
formworks for a repetitive building to minimize 
costs and wastes at the construction site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The Use of Steel Formwork for 
Repeated Construction  
 
 The IBS promises less labour during 
construction. Besides, it is also able to eliminate 
the use of conventional formworks which 
encourage waste production and excessive costs 
in construction. This helps to reduce overall costs 
in the construction of IBS projects as compared to 
projects using the traditional method which usually 
incur high costs partially due to concrete wastage. 
Figure 7 visualizes the traditional construction 
using wooden formwork. Construction process will 
take a long time to complete and I would produce 
more wastage in construction materials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: The use of wood formworks in the 
traditional construction site of Masjid Jamek  
 
 Through the case studies of the four 
construction projects which are respectively based 
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on the IBS and the traditional method, it can be 
concluded that these two construction methods 
are affected by the way the construction sites are 
managed by the contractors and the labourers. 
The IBS method offers economical designs with a 
guarantee of high quality because it is well 
managed and regulated. Moreover, the IBS 
building designs are still capable of providing 
certain degrees of flexibility in its construction to 
produce a variety of forms, quality and also 
attractive finishes. However, new moulds will be 
required unless the project manager decides to 
practise a monotonous approach and repeat the 
designs over and over again. In the event that 
new moulds are conscripted, the charges incurred 
will not be cheap. This is very much in contrast to 
the traditional method which offers a variety of 
designs and more than half of the respondents 
agree with this due to the fact that the production 
of desired designs using the traditional method is 
easy to attain. The respondents recorded a mean 
of 2.84 to indicate that the components involved in 
the traditional building method are easily 
assembled.  
 Besides, if there are any changes in terms of 
the design, the alterations can be done with ease. 
In terms of quality, the mean score of 3.13 
indicates that the IBS ensures the quality of its 
end products. The usage of the IBS would 
certainly result in outcomes of good quality 
because the components are manufactured in 
well-controlled conditions to obtain high-quality 
components. Consistency is an important element 
in the manufacturing of these components and 
extra emphasis is placed in ensuring that the 
components are each produced in accordance 
with design specifications. IBS components 
typically have smooth surfaces as compared to 
those of the traditional method because the 
former is made of materials which are superior in 
quality using advanced technologies and 
produced under the supervision of pronounced 
experts in the field. Based on studies, the quality 
of work from the traditional method depends very 
much on the technical knowledge of the labourers 
and how they execute their tasks at the project 
sites. There is a high probability for the traditional 
method to yield products with rough surfaces 
which are also known as honeycombs because of 
the low construction quality and also due to bad 
weather conditions. 
Based on earlier conducted studies and visits 
to the four sites and analysis via questionnaires, 
with a mean score of 3.22, the IBS able was to 
maintain good site conditions besides being able 
to create avenues for cleaner and well-organised 
sites. IBS sites typically generate minimal 
construction wastage save for the required site 
tools. From my visits to projects where the IBS 
approach was deployed, the area surrounding the 
construction site were clean and organised 
leading to the feel of being in a safe environment. 
This is in high contrast to the environmental 
conditions at construction sites where the 
traditional method was applied. The conditions of 
these project sites were messy and unorganised. 
The mean score for this aspect is 2.04, placing it 
in the poor category. These do not only pose 
threats to the work safety of workers but also 
disrupt their movements in and around the 
construction sites. Needless to say, it would be 
difficult for the processes of loading and unloading 
of the construction materials. The overall findings 
of this analysis from case studies on project sites, 
questionnaires, and also interviews with 
respondents showed that the IBS offers much 
more advantages compared to the traditional 
construction methods.  
 
3.4 Analysis on the Perception Levels of Local 
Builders toward the Industrialised Building 
System (IBS) and the Traditional System 
 
 The traditional method is much more 
preferred by the respondents. Builders are more 
likely to prefer this method because they have 
grown familiar to this approach. In addition, they 
are also reluctant to change to new methods such 
as the IBS because they might not have sufficient 
knowledge on this method. However,  they do not 
deny the advantages of the IBS approach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Percentages of Reduction of Durations 
of Construction 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Percentages of Possible Cost 
Reductions  
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Figure 10: Percentage of Labour Reductions with 
the implementation of IBS 
 
  Figure 8 shows that, the respondents 
agree that the IBS method can accelerate the 
construction time compared to the traditional 
method. The IBS approach can consume less 
construction time because it doesn't required the 
erection of formwork, concrete castings, concrete 
curing and so on. The components only need be 
erected on site, because they have already been 
completed at the factories. This kind of situation 
allow for the construction time of IBS to be much 
faster than that of the traditional method. In fact, in 
terms of construction costs, the IBS is able to 
reduce the overall construction cost by 0-20% as 
shown in Figure 9, and this is because as a 
whole, IBS constructions will be able to save in 
terms of waste materials as well as on the 
minimising of labour at the construction sites. It is 
also proven through the case studies and 
interviews that the IBS construction is capable of 
saving on labour because it only requires skilled 
workers to set up the components at the 
construction sites and workers to control the 
operation of the machineries at the beginning of 
the manufacturing and also during the installation 
of components. As much as 21-40% as in Figure 
10, of the total workforce can be reduced. Among 
the jobs that can be reduced at the construction 
site are concreters, plasterers, brick layers and 
also carpenters. The following factors are among 
the causes why the IBS had failed to be practiced 
widely in Malaysia. This is namely because the 
industry players are less familiar with IBS 
construction, the lack of guidelines and standards, 
the lack of components manufacturers and also 
the lack of knowledge and skills in the 
construction using the IBS approach. Therefore, 
as a whole, the builders have the same perception 
for both construction methods and they also are 
aware of the existence and benefits of the IBS as 
a way to expedite construction projects compared 
to the traditional method However, most of them 
are still apply the traditional construction method 
because it is still relevant especially for complex 
buildings with a variety of designs. 
3.5  Analysis of Ways to Enhance and to 
Improve the Utilisation of the IBS in  Malaysia 
 
 Based on the survey forms which were 
distributed to the respondents, it was found that 
they still are not certain if they should apply the 
IBS in future. This is because they have to 
consider all the aspects that they will face if they 
choose to practice this method. However, the 
respondents have agreed to the government's call 
for the implementation of at least 70% of the IBS 
approach in their construction projects. This is due 
to the advantages of the IBS especially in terms of 
the time for completion, labour reductions and 
encouraging environmental conditions at the 
construction sites. Various methods can be 
implemented to promote and enhance the 
applications of the IBS approach in the 
construction sector in Malaysia as per shown at 
Figure 11. Amongst them are making a 
standardisation of IBS components. This is to 
avoid the occurrences of errors in production. In 
addition, promotional campaigns and educational 
programmes should also be organised to further 
enhance the knowledge of the construction 
industry so that the IBS will continue to be 
practiced in the future.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Solutions to Enhance and Improve the 
Utilisation of the Industrialised Building System in 
Malaysia 
 
 In addition, the respondents also agreed to 
encourage the designers to design buildings using 
the IBS approach to avoid monotonous designs in 
the construction. Furthermore, to increase the use 
of this method in the construction industry, the 
respondents had agreed to introduce the IBS to 
manufacturers to encourage them to produce 
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components based on the IBS. It will then be 
easier for developers to obtain IBS components 
for construction projects. Even the application of 
the IBS can be enhanced by the increased 
availability of incentives from the government to 
encourage all builders to apply this method. The 
IBS construction method is well regulated during 
the manufacturing stages. This is one of the steps 
to improve the construction of the IBS based in 
Malaysia because in this way, a positive outlook 
can be given to investors and players in the 
construction industry. In addition, a good 
knowledge of the IBS would be able to increase 
the use of IBS construction. Therefore, all builders 
such as contractors, engineers, developers and 
architects are required to attend seminars and 
campaigns related to the IBS. Incentives provided 
by the government should also be able to attract 
more builders to get involved in IBS construction. 
Thus, as a whole, the last objective which is to 
identify ways to enhance the application of the 
IBS in Malaysia has been achieved. This is 
because as much as 89% of the respondents had 
agreed to measures that should be carried out to 
enhance and improve the system of IBS in 
Malaysia although, to make the IBS method as 
compulsory is difficult to put into practice in order 
to improve the application of IBS in the 
construction industry. 
 
4.0 Recommendations 
 
 This study which is dedicated to comparing 
between the IBS construction method and the 
traditional construction method was conducted 
around the state of Penang. Several suggestions 
on ways to improve the usage of the IBS in the 
Malaysian construction industry were unearthed 
during the entire duration of this discourse. Due to 
several limitations, this study was focussed only 
on the state of Penang. Therefore, it is advised 
that future studies be extended to larger sampling 
areas. 
 
• IBS construction projects would involve 
high costs. To curb this assumption, 
components manufacturers should 
consider offering their products at more 
affordable and reasonable rates. 
• Identify means and ways to encourage 
the application of the IBS approach in the 
local construction industry. Perhaps we 
could refer to successful projects from 
abroad. 
• Restructure the introductions to basics 
exposure programmes related to the 
management of IBS projects. This allows 
for an enhanced experience and deeper 
technical understanding among parties in 
the local construction industry. 
• Continuous researches should be 
conducted to further enhance competency 
and flexibility levels of construction using 
the IBS approach. 
• Solutions in terms of integrating 
mechanical and electrical components 
into IBS designs should also be identified. 
• Continuous updates and quotation-
seeking should be conducted to ensure 
that the projects are completed within the 
projected timeframes and within the 
budgeted costs. Should there be an 
overshoot somewhere, the consequences 
resulted could prove to be damaging to 
the company’s credibility not to mention 
the inconveniences it could result to 
various parties.  
 
 In summary, although this discourse can be 
regarded as a general one, it is advisable that this 
study is continued so that more input can be 
obtained. This could be helpful to all parties 
seeking to further enhance their mastery on 
matters related to the two approaches to 
construction so that the future of Malaysian 
construction will always be advancing in the 
direction of progress. 
 
5.0   Conclusion  
 
 Various efforts were concerted with the aim 
of fulfilling all of the pre-determined research 
objectives pertaining to the two approaches to 
building construction in Malaysia. The first 
objective in this study is to identify the strengths 
and weaknesses of these two building systems. 
The second objective of this study is to gauge the 
perception levels regarding the IBS and the 
traditional method approaches among local 
builders. This objective was attained through 
means of a questionnaire and a round of 
interviews. The third and final objective which 
pertains to identifying suggestions which could 
boost the implementation of the IBS in Malaysia 
was achieved via an analysis of data collected 
from the questionnaires. As much as 89% of the 
respondents agreed that suggestive measures to 
encourage the use of the IBS should be applied. 
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Abstract: 
 
Nowadays the use of foamed concrete became accepted in the construction industry as wall blocks, wall 
panels and also floor & roof screeds. Due to this situation, the application of this product must consider many 
things so that the usage can be maximized. The usage of screws on wall or ceiling is common in a building. The 
objective of this research is to examine and determine the pullout strength of screw in lightweight foamed concrete 
at various density investigate the various properties and details or types of screws that can give the best result of 
pullout strength on foamed concrete. To see the different result of pullout strength between screw with wall plug 
and without wall plug. The pullout strength of screw at foamed concrete will be tested by Universal Testing 
Machine. The machine will measure the ultimate load that can fail a screw on foamed concrete. This paper has 
presented the results of a comprehensive study to qualify the mechanical performance of pullout strength of 
screws on foamed concrete. Three different type of screw were used to be tested on two different densities of 
foamed concrete. This study will show the different result of pullout strength of screw that use wall plug and 
without wall plug. Different reading will resulted when it is tested on different densities.  
 
 
  
Keywords: foamed concrete, pullout strength, screw test, wall plug, lightweight concrete 
 
 
1.0 Introduction 
 
Foamed concrete is one type of lightweight 
concrete. The application of lightweight concrete in 
the construction industry has been start over 50 
years ago since the introduction of cellular concrete 
systems. The use of foamed concrete has been 
almost exclusively limited to non-structural void 
filling, bridge abutment work, roof insulation, 
thermal insulation, acoustic damping, and trench 
filling for reinstatement of road and also for building 
blocks. Foamed concrete first use recorded to the 
early 1920s and mainly use as an insulation 
material. The application of foamed concrete for 
construction works was not recognized until the late 
1970s, when it began to be used in Sweden in 
1929s. 
These days, the construction industry has 
shown major awareness in the use of foam 
concrete as a building material due to its many 
encouraging characteristics such as lighter weight, 
easy to manufacture, durable and cost effective. 
Foam concrete is a lightweight material consisting 
of Portland cement paste or cement filler matrix 
(mortar) with a uniformly distributed pore structure 
produced by mechanically air in the form of small 
bubbles that having a total volume at least 20%. 
The design of foamed concrete can have at any 
range of density from 400kgkg/m3 to 1600kg/m3. 
The use of this type of concrete in low-rise 
residential construction are increasing and it use as 
partition or load bearing wall. Commonly it was 
designed as wall bock, wall panels and also floor & 
roof screeds. Figure 1 shows the application of 
foamed concrete as concrete block in Malaysia. 
Before it can be considered for use as a load 
bearing material in the building industry, it is 
necessary to acquire reliable information on 
mechanical properties of foamed concrete at 
ambient and their performance in building industry. 
Three phase material may be considered in 
foamed concrete is cement paste, aggregate (fine 
sand) and air voids. The water cement ratio in the 
mixture and the density of concrete will affect the 
performance during the application of this concrete. 
The performance of foamed concrete to 
accommodate load that suspended screw on wall or 
ceiling that use foamed concrete must be known. 
This paper will conduct a study about the 
pullout strength of three different screws on two 
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different density of foamed concrete. A review of 
the literature found no studies were done to 
investigate the pullout strength of screw on foamed 
concrete.  
Based on this finding, the authors 
compared the pullout strength of three different type 
of screw on two different densities of foamed 
concrete. This study was designed to answer does 
different density of foamed concrete affect the 
pullout strength of screw on it and what type of 
screw will give the highest pullout strength on 
foamed concrete. 
 
 
 
Figure 1: Foamed concrete blocks being used in a 
housing project in Malaysia (www.portafoam.com) 
 
 
2.0 Experimental Setup  
 
The foamed concrete used in this study was 
made from Ordinary Portland Cement (OPC), fine 
sand, water and stable foam. The concrete 
specimen will be prepared with two different 
densities that are 900kg/m3 and 1250kg/m3. The 
density 900 kg/m3 was selected because it may be 
used in lightweight partition and 1250 kg/m3 density 
would have a useful amount of mechanical 
properties to make it practicable as a light load 
bearing infill material, which may be combined with 
profiled thin walled steel in lightweight  composite 
panel construction. Mix cement ratio for the sample 
with density 900kg/m3 is 1:1.5:0.45. For density 
1250kg/m3 the Mix cement ratio is 1:2.5:0.45. 
Foam is added after some calculation is made. 
Further details of the mix constituent proportions of 
both densities are outline in the Table 1. The target 
foam concrete volume required for mix design was 
0.15m3.  
 
 
 
Table 1: Mix constituent proportions of foamed 
concrete mixes 
Target 
dry 
density 
(kg/m3) 
Portland 
Cement 
content 
(kg/m3) 
Sand 
content 
(kg/m3) 
Noraite    
PA-1  
surfactant 
(m3) 
900 17.07 25.61 0.027 
1250 51.88 129.69 0.051 
 
 
2.1 Sample Preparation  
Processes of producing the sample mix all 
the material by use mixing machine. Each element 
in mixture will be weighing to their proportion. Then 
the first step to mix the material is mix the dry 
material such as cement and sand until all the 
constituent were mix uniformly. After that add the 
water gradually and mix it. Last step is adding the 
foam with the set volume in the mixture gradually. 
Each density will use the same method of mixing. 
Stable foam was produced using foam generator 
Portafoam TM2 System, obtained from the 
Malaysian Manufacturer (www.portafoam.com). 
Noraite PA-1 (protein based) is used as foaming 
agent which is appropriate for foamed concrete 
densities ranging from 400 kg/m3 to 1600 kg/m3. 
Noraite PA-1 comes from natural sources and has a 
weight of around 80 g/l and expands about 12.5 
times when used with the portafoam foam 
generator.  
The sample that used in this study is wall 
block and concrete cube. Concrete was use to 
check compression strength of concrete while 
concrete block to be test with screws to get the 
pullout strength of screw on foamed concrete. The 
size of wall block used is dimensioned 
100x200x500mm and for the cube is 
100x100x100mm. Every mix will have 6 sample of 
concrete cube and 3 sample of wall block. Since 
this concrete is a foamed concrete and the 
workability is high, during the pouring process to the 
mould, didn’t need compaction or vibration. The 
sample will be removed from the mould after 
24hours. 
 
2.2 Screws  
 
There are three types of screws will be 
used in this test that is Chipboard Screw, Self-
tapping Screw, and Drywall screw. The screws that 
used in this study have similar length that is 50.8 
mm. Figure 2 shows type of screw will be used in 
this test. Table 2 shows the detail of the screw. 
 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 
 
 39 
 
  
 
Figure 2: Type of Screw Used Through This 
Study (http://trade.indiamart.com) 
i. Drywall Screw 
 
This type of screw was designed with a 
bugle head and specialized to attach drywall to 
wood or metal studs. Screws are made of 
various metals like stainless steel, fibers, iron 
and copper. Common applications of screws 
are in Electrical appliances, large machinery 
and domestic houses. The diameter of drywall 
screw threads is larger than the shaft diameter. 
 
ii. Chipboard Screw / Particle Board Screw  
 
Similar to a drywall screw but it has a 
thinner shaft and provides better resistance to 
pullout in particle board, while offset against 
lower shear strength. The threads on particle 
board screws are asymmetrical. 
 
iii. Concrete Screw / Masonry Screw / Self-
Tapping Screw. 
 
A stainless steel screw for fastening wood, 
metal or other materials into concrete or 
masonry. This type of screw may either have a 
Philips flat head or a slotted hex washer head. 
Usually the head of this screw is in range 
0.1875 to 0.375 in. (4.763 to 9.525 mm) and the 
lengths from 1.25 to 5 in (32 to 127 mm). To 
install this type of screw on hard surface such 
as concrete, the installer usually use hammer 
drill to make a pilot hole for each concrete 
screw .  
 
Table 2: Details of screw that used in this study  
Screw  Length (mm) 
Diameter 
(mm) 
No. of 
thread Material 
Drywall 
Screw 50.8 2 25 
Low- 
carbon 
steel black 
phosphate 
coating 
Chipboard 
Screw 50.8 4 19 Alloy steel 
Self-
Tapping 
screw 
50.8 4 30 Stainless steel 
 
2.3 Pullout Strength Setup  
40.8 mm length of screw’s shaft will be 
inserted on sample of foamed concrete with 10 mm 
distance from head of screw to the surface of 
sample as shown in Figure 3. The three type of 
screw will be installed on a same sample. To 
ensure uniformity of screw placement during the 
experiment, the screws were inserted while the 
screwdriver was seated to fit completely in the head 
of screw and kept in line with the long axis of the 
screw. 
 
Figure 3: Installation of Screw on a Sample 
Repeat the method of inserting screw on the 
sample with use of wall plug on it as shown in 
Figure 4.  
 
 
Figure 4: wall plug that use with screw. 
iii i ii 
10mm 
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The pullout strength of screw at foamed 
concrete will be tested by Universal Testing 
Machine as shown at Figure 5. This machine will 
measure the ultimate load that can fail a screw on 
foamed concrete.  
 
 
Figure 5: Universal Testing Machine 
 
Universal Testing Machine was designed to 
permit testing in tension, compression and bending 
or flexural. Since this study is to determine the 
pullout strength of screw on foamed concrete, the 
method that used for tensile test for rebar by this 
machine can be applied on this study to determine 
the load that can pull the screw out from the 
sample. The setting out of the sample at the 
machine is shown at Figure 6, Figure 7 and Figure 
8:  
 
 
Figure 6: Hook that will be used to hold screw at 
the sample 
 
Hook that shown in Figure 6 serve as 
screw holder at the sample. There is one part at 
Universal Testing Machine that movable. The 
sample will be placed at the movable part while the 
hook will be placed at the top of machine that static 
at the top. When the movable part moves 
downward the machine will take the reading of total 
load that can make screw fail from the concrete.  
 
 
Figure 7: Setting Out of the Sample at Machine 
 
 
Figure 8: Clamping sample at the machine 
 
Since the method of tensile test for rebar was use 
by this study, the hook must be weld on a rebar to 
implement the test. Figure 7 and Figure 8 was 
shows how the sample was put at the machine. G 
clamp was used to hold the block at the machine. 
 
3.0 Results and discussions 
 
i. Compressive test  
Compressive test is the primary physical 
property of concrete and the one most used in 
design. It also fundamental property used for quality 
control for lightweight concrete. Compressive 
strength can be defined as the ability of concrete 
specimen to sustain the axial load. In This study 
concrete cube will be tested after the concrete 
allowing hardening for 7 days and 28 days based 
on BS EN 12390-3:2002. Six samples will be 
provided for each mixture in order to check the 
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compressive strength of the concrete. 3 samples 
will be tested after 7 days the other 3 sample will be 
tested after 28 days hardening. The resulted of this 
tested are shown in Table 2 and Table 3 below. 
 
Table 3: Compressive strength after 7 days 
hardening  
Density 
(kg/m3) 
Compressive 
strength at 7 
days (N/mm2) 
Average 
compressive 
strength 
(N/mm2) 
900 
0.85 
0.85 0.88 
0.82 
1250 
2.44 
2.65 2.47 
3.04 
 
Table 4: Compressive strength after 28 days 
hardening  
Density 
(kg/m3) 
Compressive 
strength at 7 
days (N/mm2) 
Average 
compressive 
strength 
(N/mm2) 
900 
0.76 
0.92 0.97 
1.05 
1250 
3.70 
3.10 2.56 
3.06 
 
Based on the compressive strength result 
on the Table 3 and Table 4, shows the results meet 
the requirement of compressive strength. Ray 
Taylor state on his book (Foamed Concrete: 
Composition and properties) typical compressive 
strength for foamed concrete density range 800 to 
1200 kg/m3 after 28 days hardening is form 1 
N/mm2 to 8 N/mm2. Even the result is slightly 
inaccurate it still can be assume as a strong foamed 
concrete as the foamed concrete has a strong 
structure to be used in pullout strength test.  
 
ii. Pullout strength of screw 
 
Pullout strength of screws will be measured 
in unit Kilogram (Kg) as we want to know the load 
that can be supported by screw at foamed concrete. 
Universal Testing Machine will give the maximum 
reading of load. The resulted of pullout strength are 
shown at Table 5 and Table 6. 
 
Table 5: Pullout strength result for foamed concrete 
density 900kg/m3 
 
 
Minimum reading that be read by Universal 
Testing Machine is 25 kg. Since that, the result for 
some test cannot be obtained because of low 
reading. 
 
Table 6: Pullout strength result for concrete foamed 
density 1250kg/m3 
 
 
Based on the result at table 4 and table 5, it 
shows that different densities will give different 
pullout strength of screw. Higher density of concrete 
will resulted higher pullout strength of screw. The 
use of wall plug at screw at foam concrete evidently 
will resulted better pullout strength of screw on 
foamed concrete. Three different type of screw 
resulted different reading of pullout strength.  
 Based on table 6, the machine gives the 
consistence reading on high density of foamed 
concrete to differentiate the pullout strength of three 
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different type of screw on foamed concrete. 
Compared to pullout strength at low density shows 
different type of screw are not really effected the 
pullout strength of screws because of the result 
were not too different to each type of screw. From 
the resulted shown, we must consider the lowest 
reading at every screw test.  
 
4.0 Conclusion  
 
This paper has presented the results of a 
comprehensive study to qualify the mechanical 
performance of pullout strength of screws on 
foamed concrete. Three different type of screw 
were used to be tested on two different densities of 
foamed concrete. From the experimental and 
comparative results the following conclusion may 
be drawn. 
1. The results shows higher density of foamed 
concrete will give higher pullout strength of 
screw on foamed concrete.  
2. Throughout this study, and based on consistent 
result at the test on foamed concrete density 
1250 kg/m3, we can see Self-Tapping Screw 
was give the best pullout strength. This is 
because it have a large number of thread on it 
shaft. Chipboard screw in this test have same 
shaft diameter. Because of that, two other types 
of screws give higher pullout strength compared 
to Drywall screw that have smaller diameter of 
shaft.  
3. The use of wall plug on foamed concrete will 
strengthen the stranglehold of screw on the 
concrete.  
 
5.0 Reference 
 
1. British Cement Association, Foamed concrete: 
Composition and properties, Report Ref. 
46.042, Slough: BCA, 1994 
2. Md Azree Othuman Mydin ,Y.C. Wang, 
Mechanical properties of foamed concrete 
exposed to high temperatures, Construction 
and Building Materials 26 (2012) 638–654. 
3. Hanizam Awang; Md Azree Othuman Mydin 
and Ahmad Farhan Roslan, Effect of additives 
on mechanical and thermal properties of 
lightweight foamed concrete, Advances in 
Applied Science Research, 2012, 3 (5):3326-
3338 
4. K. Ramamurthy , E.K. Kunhanandan Nambiar, 
G. Indu Siva Ranjani, A classification of studies 
on properties of foam concrete, Cement & 
Concrete Composites 31 (2009) 388–396 
5. J. Sathya Narayanan, K.Ramamurthy, 
Identification of set-accelerator for enhancing 
the productivity of foam concrete block 
manufacture, Construction and Building 
Materials 37 (2012) 144–152 
6. E.K. Kunhanandan Nambiar, K.Ramamurthy, 
Influence of filler type on the properties of foam 
concrete, Cement & Concrete Composites 28 
(2006) 475–480 
7. E.P. Kearsleya, P.J. Wainwright, The effect of 
porosity on the strength of foamed concrete. 
Cement and Concrete Research 32 (2002) 
233–239 
8. Bret B. Abshire, MDa, Robert F. McLain, MDb,*, 
Antonio Valdevit, MSc, Helen E. Kambic, MSc, 
Characteristics of pullout failure in conical and 
cylindrical pedicle screws after full insertion and 
back-out, The Spine Journal 1 (2001) 408–414 
9. Michael C. McGlamry, DPM,1 and Melissa F. 
Robitaille, DPM2, Analysis of Screw Pullout 
Strength:A Function of Screw Orientation in 
Subtalar Joint Arthrodesis The Journal Of Foot 
& Ankle Surgery, VOLUME 43, NUMBER 5, 
SEPTEMBER/OCTOBER 2004 
10. Charlene M. Flahiff, Gregg A. Gober and 
Richard W. Nicholas, Pullout strength of fixation 
screws from polymethylmethacrylate bone 
cement, Biomaterials 1995, Vol. 16 No. 7 
11. Michael Rotimi Babalola, Roger A. LaBoube, 
Strength of Screw Connections Subject to 
Shear Force, American Iron and Steel Institute, 
RESEARCH REPORT RP04-2 
12. Gu¨ lser Celebi ,*, Murat Kilic , Nail and screw 
withdrawal strength of laminated veneer lumber 
made up hardwood and softwood layers, 
Construction and Building Materials 21 (2007) 
894–900 
13. Adalet Zeren *, Emre Maral, Screw pullout 
behaviour in polyethylene, Materials and 
Design 28 (2007) 2698–2705 
 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 43 
BT006 
 
Preliminary Investigation of Fire Safety Awareness and Management in a 
Mall 
 
Nurulain Abdul Rahim and Mariati Taib 
 
Building Technology Department, School of Housing, Building & Planning, USM, 11800 Penang 
 
ain_arahim@yahoo.com , mariataib@gmail.com     
 
Abstract: 
 
Problems still occurred despite of the adequate fire safety system installed in buildings and even though a 
building is provided with the most sophisticated fire safety features. To ensure the safety of the building and its 
users, the safety system and equipment’s implied should be concurrent with the standard requirements and it 
should be in a good consummation in the management system. The understanding of human behaviour for fire 
safety management is very important. Therefore, this study presents the results of the preliminary investigation 
of fire safety management in a mall. This study has been developed with the aim to determine the level of fire 
safety knowledge of the users in the mall, to study the level of the effectiveness of fire safety management in a 
mall and to identify the methods to improve the knowledge among users on fire safety. The methodology for 
conducting the study involved the primary and secondary data through literature review; data collection and 
analysis by distributing questionnaires, observation and interview. From this study, it was found that, generally, 
level of knowledge in fire safety and the effectiveness of fire safety management in mall ranges from medium 
to high. It can be concluded that the respondents were not fully prepared and were still poor in terms of their 
knowledge in case of the event of fire. The most effective methods to improve the respondents of this survey 
could be through involvement in related programmes about fire safety management, distribution of pamphlets 
that contain general knowledge about fire safety management and appointing specific personnel for 
Emergency Response Team in the mall. It is hoped that this study will provide some useful insight about fire 
safety management in building and thus, helps to guide building users in order to protect their life and 
properties. 
 
Keywords: fire safety, fire safety management, mall, human behavior, level of awareness, knowledge. 
 
 
1.0 Introduction 
 
Problems still occurred despite the adequate 
fire safety systems installed. For most people in high-
risk buildings, not all accidents were caused by them. 
They were likely to be the victims of a fire that 
occurred. Besides damaging their properties and 
belongings, some people were burned to death for 
not knowing what to do if fire happens at their places. 
Even though high risk buildings are provided 
with the most sophisticated and advanced fire safety 
equipment’s which are in line with the existing 
technology, assurance of safety on building 
occupants is still questionable and is still in doubt. 
Despite the sophisticated fire safety props which are 
currently in good conditions, fire problems still occur 
and are difficult to overcome, and it even increases 
the percentage of total mortality, costs and other 
loss.  
Fire can occur in the building at any time and 
from various sources. From the moment of ignition 
there is a potential of major disaster, and it is just a 
matter of time before it became fatal. The best 
defense against injury or possible loss of life from fire 
lies in a strong fire prevention and life safety 
programs. Such a program must be fully handled by 
all responsible authorities, with regard to the 
following three elements such as education, training 
and attitude. 
Fire outbreaks occurred as a result of 
“human factors”, such as negligence, carelessness, 
or simply lack of fire safety awareness. In response 
to this, fire safety management has become an 
integral aspect in the daily operations of high-risk 
buildings. This study presents on the fire safety 
management in high-risk buildings especially in 
shopping complexes. 
Fire could have been avoided if the rules or 
the laws are strictly adhered regardless of the 
condition of fire protection equipment and consumer 
attitudes. The responsible party should emphasize 
on various aspects such as the placement of the fire 
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prevention equipment in high risk buildings and to 
introduce the fire prevention equipment to users so 
that they can understand the importance of it. 
 
2.0 Literature Review 
 
2.1        Fire Safety Plan 
 
Fire resistance is rarely a priority during the 
design process of a building or its long-term use and 
fire safety is usually incorporated to satisfy a building 
code or an insurance recommendation. While risk 
awareness slowly changes these perceptions, 
decision makers often perceive fire safety as costly 
and are greater than their value, until the fire 
happened. It is essential to know that fire safety is 
not dynamics, which includes smoke control, 
sprinkler systems, detection, fire departments, 
structural fire endurance or fire prevention or risk 
management. The fire safety includes all these 
crucial elements. (Fitzgerald R.W., 2004). In order to 
improve the level of safety from the danger of fire, a 
fire plan should be prepared by the management of 
the shopping center or at least upgrade it to a better 
system. Among the components that need to be 
considered are (Chow W.K., 2001): 
 
1) Maintenance plan for proper keeping of fire safety 
system. In the maintenance plan, it must be 
equipped with these items: 
i. Maintenance (including repairing) of passive 
systems such as escape routes and fire doors. 
ii. Maintenance of active systems such as 
detectors, sprinklers, extinguishers, hose reels 
and fire hydrants. 
iii. Re-verification of system performance and 
integrity of system interfaces at regular intervals. 
iv. Information and drawings on layout, escape 
routes and information signs for occupants. 
v. Good housekeeping such as proper disposal of 
rubbish and proper use of heat sources like gas 
cookers. 
 
2) Employee training plan encompassing training 
schemes for employee. The staff training plan 
should includes: 
i. Description of employees’ scope of work. 
ii. Fire wardens or Emergency Response Team. 
iii. Instructions and procedures of dealing with the 
equipment’s. 
iv. Guiding occupants to safe places (assembly 
place). 
v. Training on general knowledge on fire dynamics 
in malls. 
 
3) Fire action plan with well-defined actions to take in 
event of fire. 
i. In a fire action plan, it must include: 
ii. Make a report to the fire brigade. 
iii. Assemble occupants and lead them to safe 
places. 
iv. Attend to the fire. 
v. Assist the fire brigade. 
vi. Make a roll call at the assembly place for special 
building. 
 
4) The documentation, information record and review 
plan. 
Typical documents include building layout 
drawings, fire services equipment drawings, fire 
safety strategy and design assumptions adopted 
when performance-based designs are involved. 
This plan should include a list of documents to be 
kept, its versions, method of handling document 
updates and a method of maintaining, auditing and 
reviewing the overall fire safety management plan 
that has been updated. 
 
5) Staff training. 
Staff training includes designation of a fire safety 
officer and other staff (full-time or on a voluntary 
basis) who are responsible for fire safety activities, 
assignment of fire wardens as evacuation guides, 
training of designated staff to use first-aid fire 
appliances and conducting regular fire drills. 
 
6) Emergency action procedure. 
The emergency action sub-plan includes informing 
the fire brigade, assembling occupants and moving 
them to a place of safety, attempting to control the 
fire if staff has had adequate training on the use of 
firefighting equipment, and assisting the fire 
brigade once they arrive at the scene. 
 
Impact on the functions of readily available 
fire safety measures due to the 
alternations/renovation works should be assessed on 
a case-by-case basis. If the level of protection is 
decreased (say suspension of sprinklers) while 
carrying out the alternations or renovation work, 
appropriate remedial measures and/or temporary 
emergency action procedures shall be formulated 
and implemented to compensate the identified 
shortfalls. At a minimal measure, more management 
staff should be assigned to watch such areas. 
 
2.2       Fire Safety Management 
 
Initially, the importance of fire safety 
management has been recognized by the building 
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control and fire services authorities in Hong Kong 
(now the Hong Kong Special Administrative Region 
(HKSAR) of China). Occupants, building operators 
and facilities managers would be warned by the 
authorities to provide better fire safety management.  
For example, escape routes and staircases 
should be kept free from obstructions at all times 
under the regulation of fire hazard abatement. The 
purpose of fire safety management if cases of fire 
happened in the building you are currently inside is 
to ensure that: 
 
1) All the fire safety measures provided will be 
 available. 
2) Occupants will be able to use the fire safety 
 measures. 
3) Occupants will be assisted to escape to a safer 
 place. 
 
Besides that, fire safety management has to 
play at least three roles: 
 
1) To ensure that the fire safety measures provided 
 are kept in good order. 
2) To initiate actions in case of fire as this would help 
 occupants to reach a safer place. 
3) To review the adequacy of existing fire safety 
 measures where there is a change in the building, 
 change of building use and new technology on fire 
 services installation. 
 
2.3       Control Measures 
 
Generally, control measures can be divided 
into three categories (T. Norman, 2002): 
 
1) Hardware Controls 
 
    This type of control involves items such as 
fire doors, fire extinguishers, sprinkler systems, 
hose reels and other fixed systems and fire safety 
sign. Hardware controls are often required to deal 
with fire after it has started or for limiting fire, heat 
and smoke spread. Hardware controls are often 
referred to as reactive control measures – 
reacting after the event to allow occupants to 
escape safely. 
 
2) Management Controls 
 
    Often, hardware alone is not enough to 
control the risk from fire incidents. Management 
controls include procedures, job instructions, safe 
systems of work – all of which are methods for 
ensuring that employees carry out their work in a 
prescribed and safe manner. Also under the 
category of management controls are 
maintenance procedures for equipment, plant and 
machinery. One important method of preventing 
fire from starting is to ensure that the equipment is 
properly maintained. Finally, the safety measure 
included under this category is regular inspection 
of the workplace and working methods. 
 
3) Training 
 
    Training of employees may be provided in 
the form of simple fire drills held at regular 
intervals. For more complex operations, training 
may have to be much more defined, with 
specialized roles to perform in emergency 
situations. Some of the cases mentioned 
previously highlighted the need to ensure that 
employees know exactly what is required for them 
in cases of fire. Management must ensure that 
employees have the capability and level of 
knowledge to carry out such tasks. Depending on 
the complexity of the activities carried out, 
employees may also require basic training on the 
use of fire-fighting equipment and training in 
evacuation techniques. 
 
2.4       Human Factors 
 
 
Figure 1: Human Factor Analyses 
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Human factors are very significant because 
the life safety is considered to be the main aim for 
structural stability and fire resistance requirement, 
escape design, firefighting and extinguishers 
installation and smoke movement design. It is best 
that human can react with the fire precautions design 
and the hardware available within their environment 
to produce high performance result in reducing the 
rate of loss and damage (Chandrakantan 
Subramaniam, 2004) 
D. Canter, 1980, said that the human 
aspects of the causes and developments of fire must 
be understood if its disastrous effects are to be 
minimized and also, the cause of damage caused by 
fires can be traced more. 
The following Figure 1 shows that human 
factors are considered as a very important subject in 
the overall study of producing the fire safety checklist 
requirement (M. M. F., October 1997) (M. M. F., 
October 1997) 
 
3.0 Research Methodology 
 
The method used in carrying out the study 
was determined in order to achieve its objectives. 
This section is going to review the methods applied 
in collecting the data to determine the level of 
knowledge of the users’ of public building. This 
research was done through the primary and 
secondary data collection. Then the data was 
analyzed and were presented in a form of tables, pie 
chart and graph, for ease of reading and 
understanding the study. 
Next, field research was conducted based on 
the case studies that were previously identified in the 
scope of work. This research focused on 1 unit 
building that was KOMTAR building which is located 
in Penang and the focus was only at the podium area 
which starts from the 1st floor until the 4th floor. In 
total, 100 questionnaire responses were obtained 
during field data collection at the KOMTAR building. 
The questionnaire was designed in a user-friendly 
multiple-choice format without any open-ended 
questions. 
This involved conducting personal interviews 
with the people involved during the day operations of 
the buildings, such as Executive Facilities, 
Maintenance Manager, Technicians and others. This 
was necessary to obtain their professional opinions 
as what has been stated in the objectives of the 
study.  
From the information obtained through the 
literature and personal interview, the questionnaire 
was developed and distributed to the target 
participants. Subsequently, the data obtained from 
the questionnaire were analyzed and their inferences 
were presented. Then, it will be followed by the 
discussions and suggestions and eventually, 
conclusions were made to conclude the research. 
Once the process of data collection was 
completed, the next step would be to analyze the 
data obtained which were based on the three 
objectives. In this chapter, the data will be analyzed 
based on the total number of respondents which is 
100 respondents. All this will be presented through a 
pie chart graph and bar chart graph. Besides that, 
the data were also analyzed with regard to the Likert 
Scale formula. 
 
4.0 Data Collection and Data Analysis 
 
The data collection and analysis were based 
on the three objectives. 
 
4.1 The Level of the Knowledge of the 
Respondents in the Mall 
 
Based on the five questions that have been 
prepared to fulfill the survey for the first objective, the 
following was the average index for the five 
questions referring to Table 1. The average index is 
based on the overall total of 100 respondents. 
Overall, there were a few questions under 
the first objective that were in the moderately 
effective status while, only the first question was in 
the very effective status. It was proved that the 
respondents understand the questions and their 
knowledge level was very high on that question. 
Meanwhile based on the ranking of the five 
questions, the first question which was number to be 
contacted in the Case of Fire was on the first level 
with the highest average at 3.54. While the fourth 
question has the lowest average rate, which was at 
2.69 and eventually, it occupies the last rank which is 
5.  
From the method of calculating the average, 
it can be said that the level of knowledge of the 
respondents who include occupants and visitors 
were on moderately effective status. Level of 
knowledge of the respondents remained at a 
moderate pace and should be further improved. 
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Table 1: Summary of the Survey Results on the Level of Knowledge of the Respondents in the Mall 
 
 
 
4.2 The Level of the Effectiveness of Fire Safety 
Management and the Public Awareness of 
Fire Safety Knowledge 
 
Overall, there were questions under the second 
objective which belong to the moderately effective 
status. This proves that the respondents' knowledge 
level on fire safety management was still at a 
moderate level. Table 2 shows the results of the 
respondents’ level of knowledge on fire safety 
management in Komtar.  
From the table, it can be seen that they tend 
to give immediate response to the alarm signals in 
the event of fire and this question was in the first 
rank, which yielded the highest average index of 
3.50. This means that the alarm signal was still 
effective in serving its purpose of giving warning of 
an emergency situation to the occupants. This 
tendency to react to alarm signal was actually very 
important because it is usually the only way to let the 
occupants know that the building was under fire or 
any other unwanted disaster and if they do not react 
quickly, then this could lead to loss of lives. 
Besides that, the awareness on the use of 
elevators during a fire should  be avoided  was in the  
 
 
 
 
 
 
second rank with the average index of 3.49. We 
should know that the use of elevators during fire is 
strongly prohibited. 
The fire safety management on exit route in 
this mall was in the third rank with an average index 
of 3.36. This means that the occupants in general 
have moderate knowledge in fire safety management 
on exit route in this building. The respondents should 
know which routes should be taken when an 
emergency situation happens. By knowing the exit or 
escape route, it can make the respondents more 
manageable and in control and could make them 
less panic during an emergency situation. 
 
The knowledge on the location of the place of 
assembly of this building during fire was on the last 
rank which was in average index of 2.95 and the 
status of this index was in moderately effective. It 
shows that some of the respondents did not know 
the exact location of the place for assembly. 
 
From the method of calculating the average, it can be 
said that the level of the effectiveness of fire safety 
management and the public awareness on fire safety 
knowledge among respondents including occupants 
and visitors are in moderately effective status. Level 
of knowledge of the respondents remained at a 
moderate pace and should be further improved. 
 
 
 
 
 
 
 
 
 
 
The Level of Knowledge of the 
Respondents in the Mall 
No. of Respondents Average 
Index Status Rank Scale Total 1 2 3 4 5 
1) Number to be Contact in the Case of 
Fire 11 11 27 15 36 354 3.54 
Very 
Effective 1 
2) Emergency Contact of the Person in 
Charge in the Mall during the 
Emergency of Fire 
24 15 20 21 20 298 2.98 Moderately Effective 3 
3) Procedures that must do when Fire 
Occur 12 16 28 23 21 325 3.25 
Moderately 
Effective 2 
4) Attend any Fire Safety Activities 
Organized by Fire & Rescue Dept. or 
any Organizations 
33 15 15 24 13 269 2.69 Moderately Effective 5 
5) Been Participating in a Fire Drill 26 21 14 22 17 283 2.83 Moderately Effective 4 
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Table 2: Summary of the Survey Results on the Level of the Effectiveness of Fire Safety Management and the 
Public Awareness of Fire Safety Knowledge 
 
 
 
4.2 To Identify the Methods of Educating 
Building Occupants on Fire Safety 
  
Respondents’ opinion was that by having this 
program, it was very effective as compared to all the 
methods suggested (Table 3). It was ranked first with 
an average index of 4.12 which means that it was 
very effective. Although it can be costly and has to be 
undertaken by the government or related 
organizations, but it was still worth it because it can 
reach wide range of audiences and reduce the fire 
accidents thus saving many lives and avoid loss of 
valuable assets. Besides that, by conducting this 
program it will help to prepare users to face a real fire 
situation in the event it occurs.  
By distributing the pamphlets which contain 
the emergency procedures and evacuation plans to 
the building users, it can be concluded that it was a 
part of an education syllabus. It was ranked second 
with an average index of 3.70, so definitely it was in 
the very effective status. By distributing the 
pamphlets, it will help to increase the level of 
knowledge in fire safety management among the 
respondents in this building. 
 
 
 
Next, third in the rank, was to appoint the 
specific personnel as Emergency Response Team 
who was specially trained for emergency situations at 
the malls. It was in average index of 3.49 which 
means moderately effective. In this system, specific 
persons were employed as a team to ensure that fire 
safety is in good condition in that building.  
Most of the respondents felt that this system 
was not practical because it would involve a very 
high cost, since the building management would 
have to employ many people. This cost would 
ultimately be passed down to the end-users in the 
form of higher maintenance fees. Most people are 
not willing to pay these high fees, thus tendering this 
system to be impractical. But most of the current 
management has appointed ERT staff among their 
self typically those with expertise in the areas of 
building maintenance as a measure to save costs. 
Lastly, the tagline “Fire Prevention Our 
Responsibility” was in the fourth rank with the 
average of 3.45 and was considered moderately 
effective but it was not the favorite choice according 
to the survey compared to all the methods 
suggested. 
 
Table 3: Summary Survey Results on the Level of the Effectiveness of Fire Safety Management and the Public 
Awareness of Fire Safety Knowledge 
 
To identify the methods to improve 
the knowledge among users on fire 
safety 
No. of Respondents Average 
Index Status Rank Scale Total 1 2 3 4 5 
1) Specific Personnel as Emergency 
Response Team whom is Specially 
Trained for Emergency Situations at 
the Mall 
14 15 15 20 36 349 3.49 Moderately Effective 3 
2) Distribute Pamphlets contain 
Emergency Procedures and 
Evacuation Plans to the Building 
8 10 19 30 33 370 3.70 Very Effective 2 
The Level Of The Effectiveness Of 
Fire Safety Management And The 
Public Awareness Of Fire Safety 
Knowledge 
No. of Respondents 
Average 
Index Status Rank 
Scale 
Total 1 2 3 4 5 
1) Exit Route in this Mall 14 11 23 29 23 336 3.36 Moderately Effective 3 
2) Tend to give immediate respond to 
the Alarm Signals in the Event of 
Fire 
10 11 26 25 28 350 3.50 Moderately Effective 1 
3) Know the Location Place of 
Assembly of this Building during Fire 19 20 25 19 17 295 2.95 
Moderately 
Effective 4 
4) Aware that the use of Elevators 
during a Fire should be avoided? 14 15 15 20 36 349 3.49 
Moderately 
Effective 2 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 49 
To identify the methods to improve 
the knowledge among users on fire 
safety 
No. of Respondents Average 
Index Status Rank Scale Total 1 2 3 4 5 
Users 
3) Tagline "Fire Prevention Our 
Responsibility" 11 14 22 25 28 345 3.45 
Moderately 
Effective 4 
4) Interested in being involved with the 
Programmed 2 5 20 25 48 412 4.12 
Very 
Effective 1 
 
5.0 Conclusion 
 
From the analysis, as a conclusion, this 
study has successfully identified and met the three 
objectives that were previously stated in the 
introduction. Overall, it can be said that the level of 
knowledge of the respondents were in a moderate 
level based on the conclusion to the five questions 
above. Many improvements need to be done to 
improve their level of knowledge with regard to the 
importance of fire safety. Lack of preparedness also 
resulted in the lack of respondents’ knowledge on 
the particular subject matter. If this issue was 
underestimated, it would lead to danger as it can 
lead to panic and cause severe loss in case of a 
major fire in the area. 
For objective number two, the majority of 
the respondents agreed that all the aspects 
identified from the literature review are relevant 
towards fire safety management in the building 
even though the overall findings were still in 
moderately effective status. Thus, the improvement 
level of the fire safety management also needs to 
be considered similar to the objective number one.  
Lastly, for objective number 3, in general, 
by doing all these methods it will help to increase 
the level of the knowledge of building users about 
fire safety. By creating the organizations, it will help 
the building user to get the information and basic 
knowledge about fire safety. Besides that, by 
distributing the pamphlets containing information 
about fire safety, emergency procedures and 
evacuation, it helps to discuss important issues 
regarding the matter. For methods number 3 and 4, 
they were still effective methods and were capable 
of teaching the occupants the crucial knowledge of 
the particular building. 
In addition, this study can only give 
suggestions to users, but how well it will be 
practiced depends largely on the users themselves 
to take the necessary steps to prevent the 
occurrence of fires and save their own lives. This is 
exactly the aim of fire safety management, which is 
to educate users to be more responsible and 
proactive towards fire safety. 
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Abstract: 
 
Nowadays most of office buildings are equipped with adequate air conditioning system. It is necessary to 
maintain the temperature and humidity in the building. Furthermore, the warm and humid Malaysian climate 
during the year will influence worker productivity because of the effect on the indoor temperature and 
environment. Therefore, it is important to find out and understand employee’s reaction from the differences of 
temperature and humidity in buildings. This research was conducted in several office buildings that were taken 
randomly for the period of time working hours from 8.00 am to 5.00 pm. From the analysis, employee’s 
expectations of the performance of air conditioning systems will affect the employee satisfaction or 
dissatisfaction consequently their work performance. This study also identified the characteristics that are 
important to improve the performance of air conditioning systems to meet the satisfaction of employees in an 
office building - i.e. the aspects of effective temperature setting, type of air conditioning and aspects of 
maintenance. All these aspects are important for improving the performance of air conditioning systems to 
achieve maximum work performance. 
 
Keywords: Temperature, Occupant Satisfaction, office productivity, Air conditioning ,  
 
 
1.0 Introduction 
 
Office buildings in Malaysia must provide 
clean, cost and comfortable environment with good 
indoor air quality (IAQ) to ensure the employee's 
health condition either physically or psychologically 
while carrying their duties inside the building. This is 
because their health condition will affect their work 
performance and it will affect the organization 
performance. (Cheong & Chong, K.Y, 2001). The 
modern air conditioning system is now as part of its 
our life daily and it is a comfort that can be enjoyed 
while relaxing in the home or in the office comfort 
that allows the focus to the activities at work, 
society will appreciate the air conditioning to make 
our lives healthier, friendly and productive.  
 
Air conditioning made more comfortable for 
working area in the office without regard to the 
weather outside. Room comfort condition is 
dependent on various factors including air 
temperature, mean Radiant temperature, humidity, 
clothing, metabolic rate and air movement 
preference of the occupant. Based on the Malaysia 
Standard 1525, recommends that the indoor design 
conditions of an air-conditioned space for non-
residential, buildings comfort cooling should be as 
follows recommended temperature 22 ºC – 27 °C. 
Office environment consists of the physical 
environment and behavioural environment by 
Haynes (2008a), the physical environment consists 
of related components with office workers' ability to 
physical relation with the environment their office. 
Meanwhile, the environmental behaviour consists of 
the components related to the relationship between 
the Office workers, and the impact of the office 
environment on their behavior 
1.2 Objectives  
In conducting a survey on the reaction of 
occupants at an office building, there are three main 
objectives of study which had been set. First 
objective is to analysis air conditioning system in 
the office building. Next is to analyze of occupant 
satisfaction of the air conditioning system. Finally, it 
is to recommend performance enhancement of air 
conditioning system to occupant satisfaction. 
1.1 Problem statement  
 
 In most office buildings in Malaysia, air 
conditioning systems are installed to create a 
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comfortable thermal environment for the occupant 
of the building and this is enabled workers perform 
better and be more productive usually not taken into 
the account are reductions in the task related 
performance levels of workers due to improper 
temperature setting that the result in uncomfortable 
working conditions. There are many factors that will 
influence the individual to do something effectively. 
Comfort problems related to thermal comfort is the 
dominant influence on the individual's work 
performance. In most office buildings in Malaysia, 
air conditioning systems are installed to create a 
comfortable thermal environment for the occupant 
of the building and this is enabled workers perform 
better and be more productive usually not taken into 
the account are reductions in the task related 
performance levels of workers due to improper 
temperature setting that the result in uncomfortable 
working conditions. According Zaiton Mohamad 
(2011), a psychology officer with the Psychological 
Counseling and Career Guidance, Department of 
University Malaysia Sabah (UMS), the decision to 
require all government offices to set their air-
conditioning temperature is a positive step not just 
in terms of energy saving but also the effect on 
worker productivity. Zaiton Mohamad also stated 
that too high temperature in the workplace, 
especially indoor office, will be uncomfortable for 
workers, who would easily get drowsy.  This 
condition requires temperature setting to the 
suitable office so as not to interfere focus and 
employee comfort. Workplace temperature can 
influence the speed of work will either be delayed or 
faster, which indirectly influence the work 
performance and the temperature of the 
environment in the workplace influence a person's 
response. Inside context office building, for example 
government office, if the temperature is lowered to 
23 degrees Celsius, which means the government, 
needs to increase spending from 4 percent to 7 
percent of a building. Meanwhile, he said the action 
was carried out could save up to RM700, 000 per 
year for the entire electricity bill (Utusan Borneo, 
2011 ) 
2.0 Methodology  
 
The research methodology describes the 
processes and stages involved in data collection. 
Before any analysis is done, the important data 
must be collected first. The research methodology 
describes the approach to collect and analyze the 
data. The research methodology will explain how 
the objectives of this study can be achieved. This 
study was carried out based on literature review 
and questionnaire survey. Subsequently, data 
collection of the questionnaire survey being 
analyzed using the statistical methods. This 
includes the selection of sampling methods, data 
collection and data analysis. Selection of 
appropriate research methods is essential to ensure 
that the study can be implemented. All data and 
information needed to achieve the objectives and 
can be obtained through the detailed and 
systematic study 
 
2.1 Scope Of Study 
 
The aspect of the study focuses on the 
background, understanding and knowledge of 
building occupants regarding to the air conditioning 
system and their reactions to a the occupant 
Satisfaction at Office Building. In this study, six 
office building has been chosen. To obtain the 
opinions and views of parties involved, the 
occupant has been selected as group of 
respondents. They are comprised with different 
workstation layout and have a different view. It is 
intended to get a view based on their expectations 
and experience. The analysis then will conduct 
based on the selected samples.  
 
2.2 Data collection method 
There are stages involved in the data collection 
methodology are used in this study: 
 
i. First stage     : Equipment survey  
ii. Second stage: Literature Review 
iii. Third stage    :  Questionnaire Survey  
 
2.2.1 First  stage:  Equipment survey  
 
Equipment survey is used to clarify the data 
obtained from archives and questionnaires. 
Equipment survey a commonly technique method is 
used to obtain informed from  an environment which 
means more an experimental. The scope of 
equipment survey more focus to get the information 
regarding about the radiant temperature, dry bulk, 
wet bulk and humidity the environment in the office 
during working hours all data about the air 
conditioning system on office building will be 
analyzed in this stage. Figure 1.0 show the 
equipment using Extech 3 in 1 Thermo hydrometer 
the function to get data about humidity, radiant 
temperature and air movement in environment 
office. Second equipment based on figure 1.1 the is 
sling psychometric will be used for getting 
information dry bulk and wet bulk.  
Figure 1.2: Regarding the surface thermometer 
used to obtain the reading surface temperature 
such as desk workstations, chair and temperature 
on clothes. 
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      Figure 1.0 Extech 3 in 1 Thermohydrometer  
          
 
 Figure 1.1: Sling psychometric 
 
   Figure 1.2: Surface thermometer 
 
2.2.2 Second stage: Literature Review  
 
The main sources of information and data 
for this study are the collection of documentation 
and theoretical studies. First, the reference of the 
statistical data obtained from the Department Of 
Statistics Malaysia regarding to the number of 
employed persons by industry in Malaysia. Second, 
the reference of information data obtained from the 
Department Of Standards Malaysia (MS 
1525:2007) regarding the indoor design building 
conditions in Malaysia Thirdly, the indication of 
information data obtained from the Comfort CIBSE 
Knowledge Series on the subject of all those 
involved in the design, specification and delivery of 
the internal environment therefore need a good 
appreciation of comfort requirements and issues. 
The main reason for the application of this 
approach is used is the high reliability and the 
validity information is obtained. In addition, 
information from similar studies conducted in others 
country also used in the literature and the data will 
used as references and guidance. 
2.2.3 Third stage: Questionnaire Survey  
 
The questionnaire survey is designed for 
obtaining feedback from the respondents which are 
the occupant in office building based on reaction 
and satisfaction on  air conditioning systems. A 
Survey was conducted to obtain their views based 
on the research objectives. A questionnaire was 
designed by using a simple question which easy to 
understand, simple and accurate A total of 144 
questionnaires have been distributed to the 
respondents.  
 
Generally,a description of the questionnaire 
outline are is devided for three part. Part A 
regarding  the background of the respondents has 
been asked at the beginning of the questionnaire to 
know the profile or group of respondents. Usually, 
the background question only asked in general, not 
a personal question. The questions established in 
this section is in the form of open-ended question. 
Part B based on the  knowledge, understanding 
about performance of work  in air conditining areaA 
subject related to the idea and understanding the 
performance of work. The question also prepared 
for simulating office working conditions to find out 
the respondent’s performance reactions with the air 
conditioning  system. Formation of questions of 
section B of this questionnaire is formed  in closed-
ended questions. Part C focuses on the reaction, 
understanding and concern of the performance air 
conditioning. The question also focused on the 
operating system to find out the respondent’s  
reactions about the performance system.  
Formation of questions of section C of this 
questionnaire is forms based on the quantitative 
Judgments method used for the purpose to study 
the performance of employee expectations on air 
conditioning systems in office buildings average 
index method will be used. 
 
2.3 Techniques and Methods of Data Analysis
  
The method of analysis is used to prove the 
writing research a more detailed by using Microsoft 
Office an Microsoft Exce application. The methods 
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of analysis used is the average index, percentage, 
and frequency analysis. The results are interpreted 
in descriptive forms of graphical presentation such 
as graph,pie charts and histogram. The methods of 
analysis used is the average index and frequency 
analysis.The questionnaires’ data will be analyzed 
by using the average index formula. The aim of this 
method is to determine or factors given for every 
answer of the questions. For each question there 
are five parameters that must be used by the 
respondents as an alternative to answer the survey. 
Average index is being calculated based on the 
formula of: 
 
Average Index = Σ ai xi    
                            Σ xi        (3.1) 
 
Table 3.0: Average index and the rating scale in the 
questionnaire 
 
 
 
Showed the average index and the rating scale 
uses the method by Abdul Majid et al (1997).   
 
3.0 Result and analysis 
 
 This survey conducted in 6 buildings that 
were selected in area Kedah Darul Aman. The 
office has been selected based on the feedback 
and good cooperation given. Survey has been 
made related to the radiant temperature, dry bulk, 
wet bulk, humidity and air movement. The survey is 
conducted using specific tools such as Extech 3 in 
1 Thermo hydrometer, Surface thermometer and 
Sling psychometric. The survey carried out during 
working hours time from 8 am to 5 pm. Data survey 
undertaken each hour in working hours time. A 
survey carried out in the each office building in 
three different set points at every hour.  
Table 4.0: List of buildings that were conducted 
survey 
 
 
 
According to figure 4.0  and the survey was 
carried out in six office buildings around the state of 
kedah. Generally average temperatures can be 
seen in this survey is within the range of 23° C - 27 
°C.It complies with the minimum qualifications 
prescribed by the efficiency Malaysia Standard (MS 
1525:2007) “Code of Practice on Energy Efficiency 
and Renewable Energy for Non-Residential 
Building” which is within the range of 22°C - 27 ° C. 
What is seen in the table for HB Construction Sdn 
Bhd office indicates temperatures above 30 ° C in 
the morning. This is because the study was 
conducted at 9.00 am and the office started 
operating also at 9:00 am indirectly affecting the 
temperature in the office However, it was also 
influenced by the one of air conditioning systems 
nevertheless, it was also influenced by the one of 
air conditioning systems cannot operate with 
maximum capacity because of a leaking and poor 
maintenance impact on the operational efficiency of 
air conditioning systems in office buildings. It takes 
time to cool the room space 
 
 
 
 Figure 4.1: Leaking indoor unit air conditioning spilt 
unit types in the HB Construction Sdn Bhd 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7  
 
 
 54 
Figure 4.0 Data Analysis for the radiant Temperature 
 
Kedah Public Works Department office and Ptptn 
office using the air handling unit (AHU)  to distribute 
the pattern of the airflow into an occupied space 
using the air ducting system and is more suitable 
for both office as building more than one floor. 
Temperature in kedah Public Works Department 
Office is between 23°C - 24 °C. and while for the 
PTPTN office is 26 ° C - 27 ° C. These are due to 
the air conditioning system in the Maintenance of 
the office at the time of survey. From the survey 
obtained the average temperature for Bernas Rice 
Mill for the administration of 26 ° C to give comfort 
to the employees to carry out duty assigned and 
follow by at 12.00 pm the temperature increased to 
27 ° C. This is because of the increase of farmers 
that come to the office to solve related  
documentation activities and give the affects the 
office environment of increased activity. 
 
Based on Questions part c related to the 
concept and understanding the performance air 
conditioning system at office building also included 
in the questionnaire. The question also focused on 
the operating system to find out the respondent’s  
reactions about the performance system. The 
questions in part c asked with the purpose of 
obtaining the information about the respondents 
Reaction, understanding and concern of the 
performance air conditioning at the office buildings. 
Thermal comfort Based on table 4.1 shows that the 
47 of respondents satisfied temperatures comfort in 
the office and provide them a comfortable situation. 
In contrast, 55 of respondents indicated that less 
satisfied follow by 42 of the respondents indicated 
not satisfied. It shows that the average index of the 
level of thermal comfort in the office is only 3.53 
shows respondents less satisfied the condition of 
thermal comfort in the office building. It relates to 
the quality of the  
 
 
maintenance work done by the management office 
itself. Capacity horse power in the air conditioning 
system should be enough to cool the area. If the 
capacity of the air conditioning system is not 
enough then a room cannot be cooled properly. 
Maintenance is very important to ensure that the air 
conditioning system to function effectively. Ensure 
the system is always running at maximum level. 
 
 Table 4.1: Respondents' feedback on the level of 
satisfaction performance air conditioning   system at 
office building 
 
 
Based on Figure 4.2 and table 4.1, a total 
of 73 of the respondents were satisfied with the 
noise level of the air conditioning system in the 
office. Followed by 17 people less satisfied and 
there are 54 people who are very satisfied with this 
aspect. The overall respondents feel satisfied with 
the sound level in the air conditioning system and 
the system operates very well without any problems 
that interfere with work occupant. The another 
analysis gives an average score index  of 4.56 the 
noise level of the air conditioning system in the 
office it can be concluded that most respondents 
were very satisfied with the sound quality of the air 
conditioning system in the office and be able to 
finish their  office work properly. Air conditioning 
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system works very well and does not interfere 
occupant in the office building.  
 
Figure 4.2:  Total Respondents' feedback noise 
level of the air conditioning system in the office 
 
 
According to table 4.1 and Figure 4.3, more 
than half of respondents satisfied with the air fresh, 
air movement and ventilation comfort in the office 
building with the total number 75 of the 
respondents. The other 29 of respondents was very 
satisfied ventilation in offices and put in small 
groups 28 of respondents are dissatisfied, It 
explains that the average index of the level of 
thermal comfort in the office is only 4.03 shows 
respondents satisfied the condition of ventilation 
comfort in the office building. Although some office 
building has a ventilation fan installed in a wall 
corner office space but it is  enough to provide 
comfort and ventilation to workers, especially in the 
compact office space and have many workers in 
that area at the same time. 
 
 
Figure 4.3:  Total Respondents' feedback noise 
level of the air conditioning system in the office. 
 
Based on figure 4.3 or age group below 21 
years, there is no respondents age at this level. 
Then for respondents who under age group 
between 21 to 30 years, there are 12 numbers of 
males and 30 number of females. From 
observation, the highest group of respondent is 
between 31 to 40 years which the total number of 
the respondent is 55. For respondent if their age is 
above 40 years, the number is decreasing, there 
are 18 numbers of male and 29 numbers of female, 
which only 32.6 % from the total of respondentFrom 
the data collected by randomly picking of 
respondents, it can be found that the majority of the 
respondents are  male (53%). Female 
compromised the remaining 47% of the 
respondents. 
 
 
Figure 4.4: Identification of Age Group 
 
The questions in part B asked with the purpose 
of obtaining the information about the respondents' 
knowledge, understanding about performance of 
work in the air conditioning area of the office 
buildings . The analysis on the concern and 
performance of work in the air conditioning area of 
the respondents embrace the following: 
 
 
Figure 4.5: Percentages Types of workstations in 
the office 
 
The feedback obtained,  based on figure  
4.5. It is shown that the majority of the respondents 
is having a workstation own cubicle while in office 
(81.3%). This is followed by respondents have a 
workstation closed office which is 13 the number of 
respondents.. Lastly, respondents which select 
open area shared  workstations only 9.7% of the 
sample. 
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Figure 4.6:  Workstation own cubicle at the 
Pendang District Office 
 
According to Figure 4.7 the office environment is 
very important for the comfort of the employees to 
ensure that a given task able to properly implement. 
. 
 
 
Figure 4.7: Total respondents' feedback on the of 
performance of work  of the air conditioning 
environment in the office building 
 
A utilize of air conditioning systems in office 
buildings helps to ensure ventilation and comfort on 
the position. A majority number of respondents 
86.2% of total respondents says “YES “agree about 
better office environment dramatically improved the 
quality of the work. It thus can provide comfort to 
employees in the office. This is followed by 20 of 
respondent's representative 13.8% not agree state 
“NO”  that the office environment is one major factor 
to contribute the performance of work but there 
have several aspects to influence their performance 
of work such as get good salaries and interest in 
their profession can improve performance of work. 
From the feedback obtained, it shown that the 
majority of the respondents state “ NO” in relation to 
the air conditioning system in office disturbing their 
work productivity which is 83.3% but they think the 
air conditioning must properly planning in term 
maintenance and setting  thermostat a device that 
measures and controls the temperature of a room 
area and by switching temperature on the 
thermostat according to the convenienceand can be 
closed and open the air conditioning system when 
needed. Follow by the 20 of responding agree say 
“YES” that the  air conditioning  can distribute them 
when their start the work. 
 
 
. Figure 4.8: Total  respondents' feedback on the of 
performance of work  of the air conditioning 
environment in the office building 
 
According to Figure 4.8  during the observation, it 
can be seen that the respondents satisfied with the 
performance of air conditioning systems in the 
survey indicate that 128 of respondents state 'YES' 
about the overall performance air conditioning in the 
office building in the working hours time. It includes 
the overall the operation air conditioning system in 
term of temperature, air movement and the noise 
level air conditioning system. Whereby 16 of 
respondents or 11.2% of them do not agree state 
'NO' not satisfied with the air conditioning system in 
the office buildings. 
 
Table 4.3: Respondents' feedback on the  of 
performance of work  of the air conditioning      
environment in the office building  
 
 
Based on Figure 4.9 and table 4.3 shows 
that the 28 of respondents consider are good 
reaction about the when of performance of work  in 
the air conditioning environment and follow by 18 of 
respondents say that they feel very good response 
working in the air conditioning environment. In 
contrast, 82 of respondents indicated that the 
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response is neutral. It means they have no positive 
or negative effect with an air conditioning 
environment which have an average index of 3.65 
that can be translated to be more neutral for the 
doing the calculation work, writing and typing during 
working hours by carrying quality of work in the 
area of the process as to ensure that the quality of 
the components will be consistent. 
 
 
Figure 4.9 Respondents' feedback on the  of 
performance of work  of the air conditioning      
environment in the office building 
 
Then it follows the  reading while the 
workplace an working hour and which has an 
average index of 4.07 that is also rated good 
response. Actually, it related about the reaction the 
worker in relation to the focus on the reading their 
article or documents in the working works. How 
they can make decisions for the task properly and 
reduce the error in each task they carry. This 
indirectly indicates the environmental impact of air 
conditioning does not affect the employee in the 
performance of daily tasks in the office. Good and 
comfortable environment will respond positively to 
the performance. A majority number of respondents 
with a total of 67 of the respondents were feeling 
neutral response about performance of work based 
on the reading and focus their duties while only 3 of 
the respondents were feeling poorly about the  
response the work task with the office environment  
and on the other hand they think can affect their  
job performance. Follow by 28 of respondents 
consider very good with the office environment and 
thinking the environment in the air conditioning 
system is excellent to focus and reading assigned 
duties in the working hours. 
Lastly the respondents are the simple quick 
reaction in the effecting work during the office hours 
which has the average index score of 3.89.  It is to 
improve the reaction and movement of workers with 
work. Type of equipment they use, how the work is 
done, and the environment where they work. When 
performing a movement doing the work and in 
accordance with an employee's suitability and 
requirements. It depends on the conditions at work 
stations ensure important parts of the body such as 
the spine, wrist, joints able to doing the movement 
perfectly without any injuries. Unsuitability of 
between work methods will result in a negative 
impact on productivity and quality of work 
 
5.0 Conclusion 
 
It can be concluded that to achieve the 
occupant satisfaction at workplace there are several 
aspects that need to be considered. It is not only 
the aspects of air conditioning systems but also 
other criteria such as comfortable ventilation and a 
better environment in the office building. 
Temperature is the most important factor in 
determining occupant satisfaction in an office 
building. This study has successfully shown that the 
effects of air conditioning for temperature variables 
can impact directly on productivity and the level of 
user satisfaction. The use of the air conditioning 
system itself works to ensure the comfort of the 
workers at the workplace. The temperature 
difference will also have an impact on employee’s 
productivity as well as affects the occupant 
satisfaction and dissatisfaction in the office 
buildings. This aspect is important to be studied to 
see the actual condition of occupant thermal 
comfort in the office buildings. This study also 
identified the characteristics that are important to 
improve the performance of air conditioning 
systems to meet the satisfaction of employees in an 
office building - i.e. the aspects of effective 
temperature setting, type of air conditioning and 
aspects of maintenance. These aspects are 
important for improving the performance of air 
conditioning systems to achieve maximum work 
performance.   
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Abstract: 
 
In general, project delay can be defined as an incident that causes extended time in order to complete all or 
part of a particular project successfully. In other words, delay is the time overrun, either ahead of the date for 
project completion specified by the contract or further than the extensive contract period where an addition of 
time has been granted. It should be pointed out that the project delay in the construction industry is a universal 
or large-scale observable fact affecting not only the construction industry but the overall economy of countries 
too. As far as Malaysian construction industry is concerned, project delays are common problems in the 
construction industries; particularly most common is in the housing development industries. In the first quarter 
of year 2013, there were about 247 private housing development projects that had been categorized as late and 
sick projects by the Ministry of Housing and Local Government.  The objective of this study is to evaluate and 
identify the causes and consequences of project delays in the private housing development projects in Malaysia 
and the remedies that can minimize these delays.  An online questionnaire survey has been done to collect the 
data and this included 76 respondents from a variety of developers’ companies in Malaysia that had responded 
in the research. From the survey, a total of 28 causes and six consequences of project delays have been 
identified from four different factors of delays that were caused by client factors, consultant factors, contractor 
factors and external factors. The top ten causes of the delays are due to weather conditions, poor site 
conditions, poor site management, incomplete documents, lack of experience, financial problems, contract 
modifications, delay in approving of major variations, contractor coordination problem with other parties and 
construction mistakes and defective works. It had been analyzed that the causes of the delays pin point to the 
contractor factors, which contribute to the major factors that causes of project delays in private housing project 
developments. The consequences of the delays would contribute to time overrun, cost overrun, difference 
opinion, negotiations, legal actions and total abandonment. We put forward herewith our recommendations to 
minimize these project delays.  
 
Keywords: construction project, delay causes, delay consequences, private housing, Malaysia 
 
 
1.      Introduction 
 
     Project delays can be defined as an incident 
that causes extended time to complete all or part of 
a particular projects. Delay can also be defined as 
the time overrun, either ahead of the date for 
project completion specified by the contract or 
further than the extended contract period where an 
addition of time has been granted. The projects 
delay in the construction industry is a universal or 
large-scale observable fact affecting not only the 
construction industry but the overall economy of the 
country too. Project delay involves manifold 
multifaceted issues all of which are perpetually of 
decisive magnitude to the parties to the 
construction contract. These issues concern right to 
recuperate costs of the project delay or the need to 
extend the project with the substantial right to 
recovery costs for adjustments to the contract 
schedules.  
One of the main objectives and policies of 
any public or private sectors dealing with the 
implementation of project is to upgrade the projects 
performance process, through reduction of costs, 
completion of the construction project within their 
contract sum and time limit and improve quality. 
Private housing project delays are often caused by 
circumstances that create barriers to launch and 
further implementation of project activities.  
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When project delays are unexpected, they 
are unmanageable and have rather a negative 
impact on the project activities and outcomes. An 
unexpected delay will extends the overall duration 
of project activities and entails an increase in 
project costs. It produces time-associated cost 
effects that will increase the resource consumption 
and will require extra time to reaching project 
success. In the private housing sector a developer 
can just be a project owner or both the owner and 
contractor of a development project itself. In either 
capacity, a developer has certain requirements that 
need to be addressed bringing out clearly in the 
contract document. If this is done, the probability of 
a successful completion of the project is enhanced. 
If the preliminary step is omitted, the chances of 
delay and disagreement will increase. 
We have noted many researchers that 
investigate the causes and effects of project delay. 
These studies tend to focus attention on explaining 
the causes, which turn would help to guide 
practitioners to identify possible measures for 
mitigating against delay in construction project 
(Farhad, Paul and Margaret). A study by 
(Kumaraswamy and Chan, 1998) on causes of 
construction delays in Hong Kong suggested that 
the biases of different industry groups might direct 
blame for delay to other group.  
Delay in construction projects give rise to 
displeasure to all the parties involved and the main 
role of the project manager is to make sure that the 
projects are completed within the budgeted time 
and cost (Sambasivan and Soon, 2007). Despite 
many researchers that had  conducted studies on 
project delays and giving recommendations, delays 
are still the major problems in the construction 
industry until now. The main purpose of this study is 
to identify the factors of delay and their effect on 
project completion. This study takes an integrated 
approach and attempts to analyze the effect of 
specific causes on specific effects 
 
2. Literature review 
 
   In the third quarter of 2012, the number of 
projects that were delayed were around 41 projects 
involving a total of 3,998 housing units and 2,303 
buyers. The highest number of late projects were 
recorded in Selangor, around 16 projects (39.02 per 
cent) followed by Johor and Penang respectively, 
which recorded 8 projects (19:51 per cent). There 
are no late project reported in Kedah, Kelantan, 
Negeri Sembilan, Perlis and Terengganu in the year 
of 2012. Until the third quarter of 2012, the number 
of sick Project is around 220 projects involving a 
total of 29,858 housing units and 21,168 buyers. 
The highest sick project is recorded at Selangor 
that is 86 projects (39.10 per cent), followed by 
Kelantan with 21 projects (9.54 per cent) and the 
state of Johor with 19 projects (8.63 per cent). 
Figure 1 is the newest statistic from the Ministry of 
Housing and Local Government for late and sick 
private housing projects in Malaysia in January 
2013.  
   Ghulam Abbas et al (2006) conducted causes 
of project delay survey in Afghanistan and identified 
83 causes of delays and divided it to nine factors 
that were contractors elated factors designer 
related factors, material related factors, labor 
related factor, consultant related factors, equipment 
related factors, external related factors and project 
related factors. Some of the causes of delay were 
security, corruption, poor qualification of the 
contractor technical staffs, delay in progress 
payment by owner, poor site management, 
ineffective planning, difficulties in financing the 
project, poor communication and coordination and 
etc.  
 
 
 
Figure 1 Late and Sick Private Housing Projects in 
Malaysia in January 2013 
 
Sambasivan M and Wen Soon Y (2007) 
carried out a research to identify the delays factors 
and their impact on project completion. They 
identified 28 causes and 6 different effects of delay. 
From that total, they agree that  10 most important 
causes of delays were contractors improper 
planning, contractor poor site management, 
inadequate contractor experience, inadequate client 
finance and payments for completed work, problem 
with subcontractors, shortage in material, labor 
supply, equipment availability and failure, lack of 
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communication and mistakes during the 
construction stage. They also recommend that 
contractor should not take jobs that they have no 
knowledge about, the contractors also have to have 
a proper planning on the site, and they have to 
have a financial back-up. Meanwhile as stated 
above that the effects of delay is time overrun, cost 
overrun, disputes, arbitration, litigation and total 
abandonment. 
According to Assaf, S. A., and Al-Hejji, S. 
(2006), they identify 56 causes of project delays in 
Saudi large building construction projects and their 
relative importance. Based on the contractor’s 
valuation, the causes of delays were delays in 
contractors progress, preparation and approval of 
shop drawings, payment by owner and design 
chances. Furthermore the major causes of delays 
from the point view of the consultant were the 
financial problems during construction stage, the 
slow decision making process of the owner and the 
correlation between contractor and subcontractor. 
A survey that been carried out by Al-
Momani, A.H. (2000) on construction delays in 
Jordan. He stated that the main causes of delay in 
construction project were caused by the designer, 
weather conditions, poor site conditions, changes of 
plan, economic condition and increase in quantity. 
Kikwasi, G.J. (2012) stated in his survey that the 
causes of delays are design changes, delays in 
payment to contractors, information delays, funding 
problems, poor project management, compensation 
issues and disagreement on the valuation of work 
done. While the effects of these delays are time 
overrun, cost overrun, negative social impact, idling 
resources and disputes. Aibinu, A A and Jagboro G 
O (2002) have done a research to studied the effect 
of projects delays on Nigerian construction industry. 
There are six effect that been found, the effect were 
time overrun, cost overrun, dispute, arbitration, 
litigation and total abandonment. 
 
3. Methodology 
 
      The research methodology will be described 
and explained based on the objectives of this study. 
In this study, two approaches will be done 
throughout this study to gather reliable and related 
data. The approaches that been used are literature 
review and questionnaire survey that focus on 
clients, consultants and contractors. The literature 
review was done through engineering journals, 
articles and books. By referring to the previous 
literature, the information from the causes of 
construction projects delays, consequences of 
construction projects delays, and the method of 
minimizing the delay would be used to develop the 
questionnaire survey in order to collect data from 
the targeted respondent. 
    An online questionnaire has been developed 
to know the perspective from various of developers 
in Malaysia. 28 causes have been identified from 
the literature review and been divided into four 
factors that is client factors, contractor factors, 
consultant factors and external factors. Next part is 
the consequences of project delays. A number of 
six consequences of delay also been identified that 
is the time overrun, cost overrun, difference opinion, 
negotiation, legal action and total abandonment.  
  This research is based on purposive 
sampling technique, the alternative use of 
probability sampling is not considered due to limited 
time and resources. The researcher will make 
contact with potential respondents based on the 
statistic of private housing delay project all around 
Malaysia that have been given by the Ministry of 
Housing and Local Government of Malaysia. Based 
on the information that been gather from the 
Ministry of Housing and Local Government of 
Malaysia, around 220 developers have been 
involved in the private housing project around 
Malaysia that have some delay problem in their 
project and a total of 220 set of questionnaire were 
distributed for this survey but only 76 sets of 
questionnaire that have been returned 
 
4.    Data Analysis and Discussion 
 
4.1.    Causes of Delays 
 
   The data collected from the questionnaire 
was analyzed from the perspective of the 
developers. Every cause of delays based on the 
client factor, contractors factor, consultants factor 
and externals factor was computed for overall 
analysis. The mean score was computed for each 
cause to identify the most significant causes and 
later the causes of delays were ranked based on 
the mean score. Based on table 2, the ranking that 
been given to each cause of delays will be used to 
identify the most important factors or causes of 
delay in Malaysian private housing industry.  
   Therefore based on the ranking of the causes 
of delays from figure 2, the top 10 causes of delay 
in private housing projects have been identified. 
The highest cause of delays is (1) The weather 
conditions on the site (external factors) whereas the 
mean score calculation are at 4.41. These show 
that unpredictable weathers conditions can really 
give a big affect to the construction progress 
whether the projects proceed quickly or slowly. This 
implies that the environment is a very important 
factor in construction project. 
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Table 1 Respondent background 
 
Description Respondent frequent Percentage 
Gender 
Male  43 57% 
Female 33 43% 
Area of Respondent Construction Project 
Perlis 1 1% 
Perak  4 5% 
Pulau Pinang 5 7% 
Selangor 24 32% 
Wilayah 
Persekutuan  
6 8% 
Negeri Sembilan 3 4% 
Johor 7 9% 
Pahang 6 8% 
Terengganu 5 7% 
Kedah 7 9% 
Kelantan 5 7% 
Melaka 3 4% 
Number of Respondent Years Working 
Experience in the Construction Industry 
Below 3 years 17 23% 
3 – 6 years 21 28% 
7 – 10 years 15 20% 
Above 10 years 22 29% 
Number of Project That Have Been Handled by 
the Respondent 
Below 3 projects 15 20% 
4 – 7 projects 30 39% 
8 – 10 projects 11 14% 
11 and above 10 
projects 
20 26% 
Duration of Respondent Project Delays 
0 – 10% 37 48% 
10% - 15% 32 32% 
15% - 25% 18 18% 
Above 25% 1 1% 
Project Contract Sum 
Less than RM 10 
millions 
25 33% 
RM 10 millions – 
RM 50 millions 
22 29% 
More than RM 50 
millions 
29 38% 
 
(2) Poor site condition (mean value score= 4.26) 
can cause delay in private housing projects. A poor 
site condition will decrease the productivity on the 
site 
 
(3) The poor site management of the contractor 
(mean value score= 4.09), 
  
(4) Incomplete document by the consultant (mean 
value score= 4.05). The consultant has the full 
authority to issue changes, correct the mistakes in 
the drawings and the discrepancies in the contract 
document on behalf of the client, however the 
consultants site staff always not have confidence in 
issuing instructions until they discuss with their top 
managers, the contractors often cannot receive 
instructions about those discrepancies in time.  
 
(5) Lack of experience on the part of consultant site 
staff (managerial and supervisory personnel) (mean 
value score= 3.99) some of the consultant site staff 
do not have enough experience in the construction 
industry. Some problems in the design cannot be 
found until the contractor enquires about them in 
the construction. Therefore it takes extra time in 
order to approve new design solution. ,  
 
(6) Financial problem(mean value score= 3.97)   of 
the contractor are the cause of delay in private 
housing projects and have been at the six ranked in 
this analysis based on the mean score value that is 
3.97. This delay happen because when contractors 
received advanced or monthly payment from the 
client, most of them may use the money to finance 
other urgent or more profitable projects. It often 
leads to the problem such as lack of material, late 
payment to sub-contractors, etc.  
 
(7) Contract modifications (replacement and 
addition of new work and change in specification) 
by the client(mean value score= 3.93)  , (8) Delay in 
approving major changes in the scope of work by 
the consultant(mean value score= 3.93). It is time 
consuming and complex process for consultant to 
approve documents submitted by the contractors 
(e.g. method statement or specifications). It is 
reported that the contractor have to wait a long time 
in order to get the approval from the consultant and 
this will result to the construction delay.   
 
(9) Contractor coordination problem with other 
parties (mean value score= 3.92)   can cause delay. 
A total of 76 per cent of the respondent agree with 
this type of delays. The contractors have to 
frequently communicate with the other project 
participant. (10) Construction mistakes and 
defective work (mean value score= 3.88)  . With 
high demand of workforce in the local construction 
market, the majority of the labors are from other 
countries like Indonesia, Myanmar, Bangladesh and 
other that are without adequate training. This often 
lead to poor workmanship. 
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Table 2 Causes of Delays in Private Housing Projects in Malaysia
Description St
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ng
ly
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1 2 3 4 5 
CLIENT FACTORS 
Contract modifications (replacement and addition of new 
work and change in specification) 0 4 6 57 9 3.93 7 
Slowness in decisions making 1 12 1 54 8 3.74 17 
Financial problem (delay payment, financial difficulties and 
economic problem) 2 14 1 44 14 3.67 20 
Lack of coordination with the  contractor 2 20 0 49 5 3.46 24 
Lack of working knowledge 13 22 1 38 2 3.05 25 
CONTRACTORS FACTORS 
Poor site management 0 3 2 51 19 4.09 3 
Financial problem 2 6 1 50 17 3.97 6 
Coordination problem with other 0 6 3 58 9 3.92 9 
Construction mistakes and defective work 0 4 1 66 4 3.88 10 
Delay in delivery of material to site 0 7 0 65 4 3.87 11 
Low productivity of labor 0 11 1 57 7 3.79 15 
Shortage of material on site 0 11 0 60 5 3.77 16 
Poor skills of labor 0 11 2 59 3 3.67 21 
Shortage of site labor 0 14 6 52 4 3.61 22 
CONSULTANTS FACTORS 
Incomplete documents 0 2 1 59 13 4.05 4 
Lack of experience on the part of consultant site staff 
(managerial and supervisory personnel) 0 5 3 51 16 3.99 5 
Delay in approving major changes in the scope of work 0 7 2 51 15 3.93 8 
Lack of experience on the part of consultant 0 5 3 57 9 3.84 12 
Poor communication and coordination 1 9 2 57 6 3.72 19 
Absence of consultant's site staff 4 24 13 32 2 2.99 26 
EXTERNAL FACTORS 
Weather conditions on the site 0 0 4 42 31 4.41 1 
Poor site conditions 0 2 4 47 24 4.26 2 
Delay in manufacturing building material 0 15 2 45 15 3.83 13 
Changes in laws and regulations 0 5 9 57 5 3.81 14 
Transportation delay 0 8 7 59 2 3.72 18 
Delay in performing final inspection and certification 0 15 6 53 3 3.62 23 
Lack of materials on the market 3 38 3 30 3 2.93 27 
Lack of equipment and tools on the market 3 40 3 28 3 2.88 28 
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Figure 2: Top 10 Causes of Private Housing Project Delays in Malaysia 
 
Some of the work has to be re-constructed or 
repaired before the architect or the engineer could 
approve them. Figure 2 shown the ranking of top 10 
causes of private housing project delays 
 
4.2. Effect of Delays 
 
Based on table 3, (1) time overrun and (2) cost 
overrun was the top two effects of the project 
delays in the private housing construction. Based 
on table 2 time overrun (mean value score= 4.43) 
are one of the highest consequences of delays. The 
time overrun happen when the construction process 
is delayed and the time of the construction process 
become longer than expected. Client and contractor 
related factors of delay are responsible for time 
overrun.  
 
At least half of the causes of project delays 
contribute to the time overrun in the construction 
project such as client slowness in making decision, 
construction mistakes and defective works, 
shortage of material in site, delay in delivery 
material in site, weather condition, and delay in 
manufacturing building material and etc. Based on 
figure 3 for the cost overrun, a total of 61 per cent of 
respondent agree and 38 per cent are strongly 
agreed. It is the second highest consequence of 
delays that been choose by the respondent based 
on the mean score that is about 4.40. The cost 
overrun happen because of contractual factors such 
as contract modifications (replacement and addition  
of new work and change in specification), poor 
communication and site management, lack of 
working knowledge of the parties involved. 
 
 
Figure 3 Consequences of Private Housing Project 
Delays 
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Table 3 Consequences of Private Housing Projects Delays  
 
The third consequences of delay that been 
ranked based on the respondent opinion is (3) 
difference opinion or been known as disputes. The 
mean score for this consequence is about 4.01 and 
79 per cent of the respondents agree difference 
opinion are one of the consequences of delay in 
private housing industry.  
Disputes frequently arise in respects of 
delays and who the one should bear the 
responsibility for them. A combination of 
environmental and behavioral factors can lead to 
construction disputes. Projects are usually long-
term transactions with high uncertainty and 
complexity, and it is impossible to resolve every 
detail and foreseen contingency at the outset  (4) 
Negotiation (mean value score= 3.82) is at the 
fourth ranked in the analysis that been made to 
determine the consequences of delay of this 
research. Figure 3 stated that 78 per cent of the 
respondents agree negotiation can lead to 
consequence of delay in the project. The client 
related factors and contractual relationship creates 
disputes and leads to be settlement by negotiation, 
which involves third party to settler issue out of the 
courts.  
Therefore if anybody from the parties does 
not accept the result made by the mediator, they 
can appeal the result that been made with the 
arbitrator. Negotiation is a complex process that 
mainly used to resolve conflicts and disagreements. 
Negotiation play a important responsibility in 
resolving claims, prevent dispute and keep a good 
relationship between the project participants but the 
long period of negotiations may lead to the 
consequences of delay in private housing projects, 
Next consequences of delays is follow by (5) legal 
action (mean value score= 3.56) or also know as 
litigation are at the fifth ranked where a total of 66 
per cent of the respondent agree with it. Contract 
disputes that lead to the construction litigation 
sometimes involve only small issues, such as non-
payment, condition of the work or deadlines of the 
projects, and often involve just two parties, the 
appointed contractor and a subcontractor. 
Sometimes, the contract disputes are  complex and  
 
involve claims about the quality and scope of work 
performed by the contractor or matters pertaining to 
clauses in the contract agreements. These are 
likely to include additional parties, such as the bank 
and supplier. Construction litigation involving 
negligence often centers on discovered by client 
during or after the construction process. These 
discoveries will sometimes lead to legal action 
against the contractor based on claims of poor 
quality of materials, improper site investigation and 
problem on the structural engineering. 
     The last consequence of delay is the (6) 
total abandonment (mean value score= 3.30).  The 
four factors that is client factors, contractor factors, 
consultant factors and external factors contribute to 
total abandonment. There are about 56 per cent of 
respondent are agree, another 18 per cent disagree 
with it and another 14 per cent of the respondents 
stated that they are undecided. Total abandonment 
happen because of the financial problem of the 
client or the contractor, the cash flow problem will 
lead to the unable to continue the construction 
process. 
 
5. Recommendation 
 
Some recommendations are made to minimize the 
project delays in private housing project. The 
recommendations are:  
1. Proper planning before commencement of the 
project.  
2. Approval & confirmation of design concept, 
construction drawings, material selection, 
logistic planning & etc prior to construction 
stage. 
3. Improvement in communication, e.g. regular & 
fruitful meeting & site walk with relevant parties 
in order to solve problem in time.  
4. Effective control & monitoring of site workers, to 
improve productivity.  
5. New rules and regulations (Majlis Daerah) 
should be relayed to the developers/ 
contractors as soon as possible so that the 
developer/contractor are aware of the changes 
in the rules and regulations.  
Description 
Strongly 
Disagree Disagree Undecided Agree 
Strongly 
Agree Mean Score Ranked 
1 2 3 4 5 
Time overrun 0 0 0 48 29 4.43 1 
Cost overrun 0 1 0 47 29 4.40 2 
Difference opinion 1 3 3 61 9 4.01 3 
Negotiation 0 9 4 60 4 3.82 4 
Legal action 2 7 15 50 2 3.56 5 
Total abandonment 7 14 11 43 2 3.30 6 
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6. Client to stick on original plan and client to 
allocate adequate budget for any contract 
modifications.  
7. Site management & proper award on time is 
important to avoid the project delay  
8. Close monitoring of the progress of work.  
9. Counter check the accuracy of work progress 
data’s with actual physical completion versus 
cost expended.  
10. Propose "Bonus" scheme for early completion.  
11. Effective planning and scheduling would 
overcome the problem.  
12. Predict potential problem that will occur and try 
to solve it in early stage. A good project 
management with experience personnel most 
of the time can minimize project delay.  
13. Project management team (client & 
consultants) should be more professional and 
responsible in handling respective field and not 
dependent on the contractor in solving their 
problems especially matters involving the local 
authorities. Also, the client or project team 
should minimise internal protocols or lengthy 
procedures for obtaining approvals and 
confirmation which normally interrupt 
construction planning on site 
 
6.    Conclusion 
   The first objective of the study is to identify 
the contributing factors of project delays in 
Malaysian private housing based on developers 
point of view has been identified. A total of 28 
factors that causes delays were identified. The top 
ten major factors that contributed to the causes of 
delays were weather condition, poor site condition, 
poor site management of the contractor, incomplete 
documents from the consultant, lack of experiences 
on the part of the consultant site staff(managerial 
and supervisory personnel), contractor financial 
problem, contract modification ( replacement and 
addition of new work and change in specification) 
by the client, delay in approving major changes in 
the scope of work by the consultant, contractor 
coordination problem with other parties and lastly is 
contractors construction mistakes and defective 
work. The factors were divided into four groups 
based on the causes of delays. Group of contractor 
factors delays was ranked the most significant 
groups that cause delays, followed by group of 
consultant factors delay, consultant related delays, 
client factors delay, and external delays. 
            The second objective of this research was 
to study and analyze the consequences of project 
delays in Malaysian private housing based on the 
developers point of view. There are six factors that 
had affect delays in private housing project which 
includes: times overrun, cost overrun, difference 
opinion or dispute, negotiation or arbitration, legal 
action or litigation and total abandonment. From the 
analysis that has been done it shown that the time 
overrun and cost overrun were two most frequent 
consequences of delays in construction project. 
Method of minimizing the project delays have been 
recommend in order to reduce the project delays in 
private housing projects. 
 
7. References 
 
1) Aibinu, A A and Jagboro G O (2002) The effects of 
construction delays on project delivery in Nigerian 
construction industry. "Int. Journal of Project 
Management", 20, 593–99. 
2) Alaghbari, W, Razali, M, Kadir, S and Ernawat, G 
(2007) The significant factors causing delay of 
building construction projects in Malaysia. 
"Engineering, Construction Architectural 
Management", 14 (2), 192–206. 
3) Al-Momani, A.H. (2000) Construction delays: a 
quantitative analysis. International Journal of Project 
Management, 18(1), 5–9. 
4) Assaf, S. A., and Al-Hejji, S. (2006). “Causes of 
Delay in Large Construction Projects.” International 
Journal of Project Management, 24, 349-357. 
5) Bordoli, D. W., and Baldwin, A. N. (1998). “A 
Methodology for Assessing Construction Project 
Delays.” Construction Management and Economics. 
6) Ghulam Abbas Niazai and Kassim Gidado, Causes 
of Project Delay in the Construction Industry in 
Afghanistan, 63-74 
7) Kikwasi, G.J. (2012) ‘Causes and effects of delays 
and disruptions in construction projects in Tanzania’, 
Australasian Journal of Construction Economics and 
Building, Conference Series, 1 (2) 52-59 
8) Ministry of Housing and Local Government of 
Malaysia 
9) P. A. Koushki*, K. Al-Rashid and N. Kartam, (2003), 
Delays and cost increases in the construction of 
private residential projects in Kuwait, Construction 
Management and Economics (March 2005) 23, 285–
294 
10) Sambasivan M and Wen Soon Y (2007), Causes and 
effects of delays in Malaysian construction industry. 
"International Journal of Project Management", 25(5), 
517–26. 
11) Wa’el Alaghbari, Mohd. Razali A. Kadir, Azizah Salim 
and Ernawati, The significant factors causing delay 
of building construction projects in Malaysia, ECAM 
14(2), 192-206\ 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 
 
 67 
BT009 
 
Perceptions Of Local Contractors Towards Industrialized Building System 
(IBS) Risks In Malaysia 
 
Fazilah Md Razak and Hanizam Awang 
 
Building Technology Department, School of Housing, Building & Planning, USM, 11800 Penang 
 
hatencie@yahoo.com , hanizam@usm.my  
 
 
Abstract: 
 
The implementation of Industrialized Building System (IBS) has attracted positive perceptions in improving 
every aspect of construction industry performance around the world. IBS possesses the potentials to perk up 
almost every significant aspect in construction industry such as quality, productivity, duration of construction, 
labour, cost effectiveness, safety and waste production. Albeit the long-introduced IBS has promised to solve 
and improved the current construction techniques and methods. Up to now, the implementation of IBS in 
Malaysia is not well accepted by most of the construction parties, partly due to the failure to adequately deal 
with the risks in the project. Therefore this study was conducted to make out the perceptions of local contractors 
towards the types of IBS risks in Malaysia. The data’s on problems and the risks of IBS implementation were 
collected by means of questionnaire survey and interview of G7 contractors around Kedah. Questionnaire is 
scattered through snail mail and follow up is done consequently to uphold a constant number of feedbacks by 
all the respondents. All feedbacks were analyzed by implementing descriptive method and then analytical 
method.The results showed that contractor competence has been considered to be one of the most risky 
factors a contractor could suffer from IBS construction in Kedah.  
Keywords: Industrialized Building System (IBS), perceptions, risks, Malaysia, contractors. 
 
1.0 Introduction 
 
The construction sector, which is big in 
scale by nature, is tied to the development of other 
industries both in backward and forward 
relationships and consequently imparts an immense 
impact on the economic environment of any 
country. One of the approaches that are competent 
of increasing efficiency radically within the 
construction sector is the execution of the 
industrialised building system (IBS). This particular 
approach gives a positive effect towards reducing 
operational costs in the long term, enhance quality 
and reducing the incessant utilization of labour 
including an increase in the use of standardization 
concepts. 
IBS is a construction system that is 
assembled using pre-fabricated components. The 
manufacturing of the components is systematically 
prepared using machine, formworks and other 
forms of mechanical equipment. All the components 
are manufactured off-site and once completed will 
be delivered to construction sites for assembly and 
erection. IBS is one of the technologies that were 
considered old in developed countries. 
Nevertheless, it is still categorized as a ground-
breaking technology in developing countries 
particularly in Asian region. Malaysian government 
has put plenty of efforts to augment the present 
labour-intensive activities in conventional method to 
a more technologically advanced method of 
construction that is IBS.  IBS is competent of 
producing speedy and high quality products, and 
using it will enable Malaysian construction industry 
to contend with the global market around the world 
(CIDB, 1999).  
It should be pointed out that IBS technique 
promises numerous advantages over conventional 
in-situ construction technique such as reduction of 
unskilled workers, materials and waste minimization 
(Warszawski, 1999). IBS also offers cost saving, 
less volume of building materials on site, increased 
environmental and construction site cleanliness, 
better in quality control of construction, safer and 
more organized construction site and even diminish 
the completion time of construction (Thanoon et al, 
2003). Even with all these advantages, the state of 
the local construction industry is not aligned with 
Malaysian's future developments plan. Earlier 
efforts had been done by the Malaysian 
government to promote and encourage the 
utilization of IBS as an option to the conventional 
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method despite the fact that the numbers are still 
very low (CIDB, 2007).  
In 2003, the government through its 
agency, the Construction Industry Development 
Board (CIDB) had redesigned its strategies with the 
assistance from CIDB’s IBS Steering Committee to 
devise a Roadmap 2003-2010 based on a 5-M 
strategy (Manpower, Materials-Components 
Machines, Management-Processes-Methods, 
Monetary and Marketing). According to IBS 
Roadmap 2003-2010, a number of strategies and 
steps have been taken by CIDB in sequence to 
have an industrialized construction industry in 
Malaysia and to an operative Open Building system  
concept by year 2010 (IBS Roadmap 2003-2010).  
Regardless of the several strategies and 
steps taken, the market share for IBS in 2003 stood 
only at 15% (IBS Survey 2003), and this figure has 
barely changed much since then. The early efforts 
of the government to persuade the implementation 
of IBS in the construction industry has yet to earn a 
good response and the use of traditional in-situ or 
the so called “Dirty, Difficult and Dangerous” 
method of construction seems to be the preferred 
choice for most people until today. Comparatively, 
the low labour cost in particular the ones that 
involves foreign labour from neighboring Indonesia, 
Myanmar, Vietnam and sub-continent in this 
country is the root cause of the industry's failure to 
restructure and staying contented with the current 
level of productivity, quality and safety (IBS Survey 
2003).  
IBS Roadmap's mid-term review was 
conducted in 2007 to evaluate the execution of IBS 
roadmap from 2003 to 2010 (IBS Roadmap Mid-
term review, 2007). Based on the surveys 
conducted in year 2003, 2005, 2008, 2010 and IBS 
Roadmap’s mid-term review in 2007, the 
preliminary take up for IBS was not as high as 
predictable at this stage, predominantly from private 
sector. The adoption in some way failed to get 
private sector buy-in. The root cause of IBS's slow 
adoption is eventually the availability of cheap 
foreign labour that had helped offset the cost 
advantage of using IBS. This is also rational to 
sheer cost of investment and the shortage of 
market size. Small contractors have been 
recognizable with the conventional system and 
have the view that the technology is appropriate 
with small scale projects and thus, are not willing to 
switch to mechanized based system. It is 
comprehensible because small contractors lack of 
financial support and are not able to set up their 
own manufacturing plants as it involves capital 
intensive investment (Rahman and Omar, 2006).  
Thereupon, CIDB had come out with new activities 
and steps in IBS Roadmap 2011-2015 to substitute 
the existing roadmap to overcome the problems 
stated above. This was published in late 2010. The 
policy's objective is to enforce high level intended 
outcomes of implementing IBS. The new-fangled 
roadmap will be focused on the adoption of IBS in 
most of the private sector. To be focally objective, 
the focus has been narrowed down to four policy 
objectives which are quality, efficiency, competency 
and sustainability. A sustainable IBS industry will 
contribute to the competitiveness of the 
construction sector (CIDB, 2010) 
The goals for the roadmap are to uphold 
the existing impetus of 70% IBS content for public 
sector building projects until and through 2015 and 
to amplify the existing IBS content to 50% for 
private sector building projects by 2015.  According 
to the statistics from CIDB, the amount of 
contractors involved in IBS usage are still little albeit 
some action steps in Roadmap 2011-2015 have 
been published in 2011 (CIDB, 2010). Based on 
CIDB statistics, there are only 6.14% (7589) 
contractors that use IBS in their building projects. 
This amount is very small in comparison to the 
amount of contractors that were registered with 
CIDB (123655) in building projects (CIDB, 2013).  
Conversely, since early project of IBS in 
year 1964 till today, the accomplishment of IBS in 
Malaysia is still very squat because of failure to 
sufficiently deal with risks in the IBS projects. 
Failures to keep in cost estimate in the IBS projects 
are still widespread in Malaysia and it is a reason of 
the lower adoption of IBS in construction industry. 
Technical risk and quality risk that grounds 
aesthetic and functional faults like cracks, 
blemishes, moisture penetration and poor thermal 
insulation in completed building also the risks in IBS 
projects (Rahman and Omar, 2006). For this 
reason, it needs to have methodical identification, 
analysis and evaluation of risk that will contribute 
momentous achievement of projects. The 
achievement of IBS project is depends on the 
effective and efficient management of the risks 
involved. Before we deal with the risks, we 
necessitate to characterize those risks. Hence, in 
practice, the risks can be analyzed and an 
appropriate response can be determined. This 
research aims to consider the perceptions of local 
contractors towards the IBS risks in Malaysia.  
 
2.0 Methodology 
 
Survey research has been used as one of 
the methodology for this research. The target 
population only consists of Grade 7 contractors 
registered under IBS system in Kedah. 
Respondents' population of Grade 7 contractors 
registered under IBS system in Kedah is 118 in total 
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according to CIDB and IBS Centre statistics. Kedah 
is chosen because this state would represent 
regions that are free from the ‘influence’ of 
promotional activities from CIDB central office and 
also free from the much-concentrated existence of 
IBS manufacturers in areas like Klang valley. 
The data collection process was carried out 
by using unstructured interviews and distributing the 
questionnaire survey. The unstructured interview 
was conducted with 5 experienced contractors to 
record their perceptions towards Industrialized 
Building System (IBS) risks in building projects 
around Kedah.  
The questionnaires were distributed to G7 
contractors that are registered with Construction 
Industry Development Board (CIDB) in 
Industrialized Building System (IBS). The 
questionnaires were distributed to the respondents 
of G7 contractors in Kedah via email, by hand and 
fax. The questionnaire consists of three main parts: 
 
Part A: Information of respondents 
Part B: Opinion Survey 
Part C: Comments and Suggestions 
Part A covered information on respondents such as 
total years of experience in Industrialized Building 
System (IBS) and position of the respondents. Part 
B was about their opinion in IBS regarding its 
advantages, problems and risks in building projects 
and part C covered their comments and 
suggestions to improve the implementation of IBS 
in Malaysian Construction Industry. 
3.2 IBS Problems   
Figure 2: IBS Problems 
 
3.0 Result and Discussion 
3.1 Response Rate  
 
Figure 1: Response Rate 
 
The respondents were given the option of returning 
the questionnaire forms by mail, fax or by hand. 
Only 56 respondents out of 118 G7 contractors 
registered for IBS system in Kedah responded and 
returned the questionnaires. Based on the Figure 1, 
there are only 47% of the respondents replied and 
this percentage made up quite a reasonable data 
analysis. Some of the respondents (53%) who did 
not return the questionnaires mentioned that they 
are not involved in any IBS projects even though 
their companies are listed as IBS contractor 
according to the data from CIDB and IBS Centre. 
That was the reason given to avoid answering the 
questionnaires regarding IBS implementation. In 
conclusion, the response rate is adequate for data 
analysis which can be deducted as half of the 
respondents' populations. 
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Figure 2 represent the degree of agreement of 
elements regarding IBS problems by the Grade 7 
contractors in Kedah. Commonly, the lower 
adoption of IBS system are due to  having 
insufficient IBS knowledge, higher initial cost, 
resistance to change, insufficient personnel in 
industry, insufficient IBS manufacturer in industry 
and failure of technology transfer.From the findings, 
insufficient IBS knowledge is categorized as one of 
the most commonly faced problems by Grade 7 
contactors with the mean index of 3.88. This implied 
that IBS knowledge is still very much needed for 
design, fabrication and installation line of work.  
3.3 IBS Risks 
Figure 3: IBS Risks 
Figure 3 shows the degree of agreement by 
Grade 7 contractors regarding the statements 
related to the IBS risks in their projects. Based on 
the finding, it is clearly shown that the contractors 
agreed totally that contractor competence is the 
most threatening IBS risk in implementing IBS 
system in Kedah. This is followed by labour and 
equipment productivity, defective design, change in 
work, labour, equipment and material availability, 
resolving contractual issues, quality of work, 
change in government regulation, financial failure, 
site access, safety on site and last but not least, 
delayed payment. This problem occurred due to a 
low exposure of IBS knowledge among the 
installers during the installation work of IBS 
components where the employees employ workers 
that do not possess sufficient knowledge in 
installation process of IBS components. They are 
not updated nor aware of the dissemination of IBS 
knowledge by CIDB through Roadmap 2003-2010 
and Roadmap 2011-2015.Failure of technology 
transfer is the least problem faced by Grade 7 
contractors in Kedah which results in mean index of 
2.93. According to this result, it shows that the 
technology transfer of IBS systems is not a main 
problem of low implementation of IBS system 
among them. 
Contractor competence in managing the 
process during the installation of IBS components is 
the most critical part because most workers 
involved do not have sufficient knowledge in IBS 
installation. It will increase the cost if the duration of 
the installation is prolonged. This  problem happens  
 
 
due to the connection and tie problems between the 
components. This is shown by a total of 4.05 mean 
indexes.  
According to several representatives of the 
contractor company, they had a problem in 
searching for skilled workers in IBS system. Many 
of the labourers possess only medium knowledge in 
IBS implementation and finding the system 
installers are harder to achieve. Hence, the result 
stated that they have lower productivity in labour 
and equipment as well as defective in design.  
The Grade 7 contractors have shown lower 
agreement towards the risk of delayed payment. 
Most of the contractors agree that delayed payment 
is not a main risk in implementing IBS system 
because most of them have been involved in 
government IBS projects. If they managed to fulfill 
the entire requirements while using IBS system, the 
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government will reward them by giving an 
immediate pay. 
 
3.4 IBS Suggestions  
 
Table 1: IBS Suggestions 
 
IBS Suggestions Mean 
Promote a lot of formation of other 
suppliers to avoid monopoly 
4.16 
Monitor the standardization sizes and 
shapes of components 
4.11 
Form many R&D centre for IBS 4.05 
More efficient workers training in IBS 
knowledge 
3.96 
More efficient education awareness on IBS 
through courses and seminars 
3.93 
Promote more designers to design in IBS 3.86 
More incentives from government to lower 
the cost of using IBS 
3.73 
Make compulsory for contractor, engineer, 
developer and architect to attent IBS 
campaigns and seminars 
3.46 
Make compulsory architect design in 
accordance to  modular coordination 
3.41 
Make IBS compulsory 2.41 
 
Table 1 represents the degree of 
agreement for elements regarding IBS suggestions 
suggested by the Grade 7 contractors in Kedah. 
From the findings collected, they prefer to  promote 
formation of other suppliers in big numbers to avoid 
monopolization by certain groups that sums up as 
the highest mean index of 4.16 followed by 
monitoring the standardizations of sizes and shapes 
of the components (4.11), multiplying R&D centre 
for IBS (4.05),  get more efficient workers trained in 
IBS (3.96), more efficient education awareness on 
IBS through coursers and seminar (3.93), promote 
more designers to design in IBS (3.86), more 
incentives from government to lower the cost using 
IBS (3.73), make IBS campaigns and seminars as 
compulsory for contractor, engineer, developer and 
architect to attend (3.46), the architect design 
should be made compulsory in accordance to 
modular coordination (3.41) and lastly make IBS 
compulsory in construction business (2.41).  
These are all suggested due to the 
monopolization of IBS business is one of the factors 
responsible for the high cost of IBS products in 
Malaysia that consequently, make most of the 
contractors feel reluctant to use IBS system in their 
projects. 
Make IBS compulsory in construction has been 
suggested the least by the contractors which 
indicate a total of 2.41 mean indexes.  This result 
shows that most of the contractors are not ready to 
use IBS system as their main system in 
construction work.  
Based on the interview with several 
professionals in Kedah, they suggested that IBS 
should be made as a compulsory subject to 
students that will be involved in construction 
industry. By implementing this suggestion, they will 
know the basics of IBS and will be able to develop it 
when it comes to real construction industry. Some 
of them asked to improve the individual joint of IBS 
components and some of them wanted a lot of 
seminars and campaigns being held to convey 
detailed information about IBS system.  
 
4.0 Conclusion 
 
A research survey has been conducted to 
investigate the perceptions of local contractor 
towards IBS risk in Malaysia especially in Kedah. 
The current view of contractors in Malaysia 
regarding the impact and the frequency of 12 risks 
which are site access, safety on site, quality of 
work, financial failure, change in work, defective 
design, change in government regulation, 
contractor competence, delayed payment, resolving 
contractual issues, labour and equipment 
productivity and lastly labour, equipment and 
material availability are presented in a 
questionnaire survey. Contractor competence has 
been considered to be the most significant risk 
category a contractor could suffer from IBS 
construction in Kedah.  
However, due to the fact that the 
contractors have insufficient knowledge regarding 
IBS, they could not manage their project involved 
with IBS system properly. This showed that IBS 
knowledge should undergo more of design, 
fabrication and installation work. If problems turn up 
during the installation process, this could lead to an 
increase in the project's cost when the duration of 
the project need to be prolonged. Hence, they really 
need many R&D centre for IBS in Kedah to help 
them manage the project involved with IBS system, 
as a reference to solve problems regarding IBS 
implementation and to increase their IBS 
knowledge when needed. 
In spite of that, labour and equipment 
productivity was seated as the second highest risk 
faced by contractors in Kedah that indicated the 
workers possessed insufficient IBS knowledge, 
especially in installation process. Knowledge in 
fabrication is also important to avoid creating 
defective design where this risk is voted as the third 
highest risk by contractors in Kedah. Hence, 
monitoring the standardization sizes and shapes of 
the components are really important to avoid 
connection problems during the installation process. 
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The problem regarding higher initial cost in 
implementing IBS system need to be given a lot of 
attention by promoting a lot of formation of other 
suppliers to avoid monopoly by certain people in 
which the monopolization of IBS business is one of 
the factors responsible for the high cost of IBS 
product in Malaysia that resulted in reluctance by 
most of the contractors to use IBS in their projects. 
The contractors have ranked most of the risks 
considered in this survey as having high 
contribution to project's objectives. This 
demonstrates the concern prevalent within 
contractors and the dire need for the improved 
strategies of risk management. Through this survey, 
the risks identified in IBS construction project could 
be used as a guide for contractors in making a 
better and wiser decision when dealing with risk 
management in the projects that employ the 
Industrialized Building System (IBS). 
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Abstract: 
 
Thermal comfort is defined as the condition of mind which expresses satisfaction with the thermal environment. 
The term “thermal comfort” describes a person’s psychological state of mind and is usually referred to in terms 
of whether someone is feeling too hot or too cold. Thermal comfort is very difficult to define because you need 
to take into account a range of environmental and personal factors when deciding what will make people feel 
comfortable. These factors make up what is known as the ‘human thermal environment’. People working in 
uncomfortably hot and cold environments are more likely to behave unsafely because their ability to make 
decisions and/or perform manual tasks deteriorates. The cafeteria at USM main campuses become important 
place for students to having meal, make group discussion and study for their test. The cafeteria must in the 
comfort zone to make sure the students can give 100% attention to their work. There have 2 methods that been 
used to get the data which are questionnaire and test using 3 in 1 measurement. The data have been analysed 
and the result is all the cafeteria in the USM main campus is not in the comfort condition. Based on the data, 
the factors of thermal comfort have been identified. As conclusion, temperature, air humidity, air movement, 
clothing and activities can affect the thermal comfort 0f the place. Each cafeteria must take some action to 
prevent this uncomfortable condition.  
 
Keywords: thermal comfort, psychological state, cafeteria, temperature, air humidity, air movement 
 
1.0 Introduction 
 
Thermal comfort is an important aspect of building 
design. ASHRAE defines thermal comfort as “that 
condition of mind in which satisfaction is expressed 
with the thermal environment.” This definition 
clearly expresses thermal comfort as a process of 
perception having several input variables, in 
addition to being a result of physiological, physical, 
and psychological processes (ASHRAE Standard 
55, 1992). Thermal comfort is related to the daily 
lives of humans; it is a condition that results from 
the complex interactions of the human body with 
the surrounding air. Thus, reaching a balance in 
temperature is important in maintaining an optimum 
level of comfort. Thermal comfort is important in 
both psychological and physical aspect. It also can 
affects morale of the people. Based on their degree 
of thermal comfort, residents may complain, 
productivity may suffer and in some situations, 
people may refuse to work in a particular 
environment. The factors of thermal comfort 
included heating, ventilation, air conditioning, and 
the activities of its occupants (Loftness et al, 2007). 
Based on Liping et al. (2007) reported two 
strategies to help the indoor environment achieve 
thermal comfort. Firstly is providing the higher wind 
speed (more than 1m/s). This method is to ensure 
the ventilation is in good condition and suitable to 
people. Secondly by using the suitable designs, 
materials, and shading device. From the design 
stage of the building, we must make sure that the 
designs is suitable, have open space and good 
ventilation of air movement, the materials that have 
been chosen is in good quality and do not give bad 
effect to the user and good shading devices. These 
techniques can reduce indoor temperature about 2 
°C – 3 °C. A comfortable interior environment can 
be achieved through the increasing of energy 
consumption. Wargocki et al. (1999, 2000a,b,c,) 
reported that productivity can be increased by 5% - 
10% just by improving indoor air quality 
2.0 Methodology 
 
The method of research also explained to 
show the importance of choosing the most suitable 
approach for research. The target for this research 
is among the students because it is easy to have 
conversation with them. The researcher already 
chose 2 type of method to investigate the thermal 
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comfort at each cafeteria. Firstly, the questionnaire 
which is the questionnaire as distributed to the 
students at each cafeteria. Each cafeteria has 25 
respondents and the totals of respondents were 
250 people. Based on Bird (2009), a questionnaire 
consists of a set of questions prepared and 
distributed by the researcher to obtain information 
from relevant respondents. From this questionnaire, 
the researcher will understand the feeling of the 
students during their spent their time at the 
cafeteria. The data that already collected from the 
questionnaire will illustrated in graph to show their 
condition regarding the situation at the cafeteria. 
The questionnaires were about the air movement, 
thermal comfort, cloths, activities, humidity and 
indoor condition. Based on the questionnaires, the 
researcher can conclude the factor that affect the 
thermal comfort. Secondly, by using test method 
using 3 in 1 measurement at each cafeteria. This 
method was chosen to get the value of air 
temperature, humidity of air and air movement at 
the cafeteria. The test conducted at 3 different 
points at the cafeteria. During the analysis, the 
average or mean using this 3 data at 3 different 
points was calculated. With this method, the data 
that we get are more accurate. The data that get 
from the test will be analyze using olgyay chart. 
Based on the olgyay chart, the researcher will 
identify the level of thermal comfort of the cafeteria.   
 
3.0 Result and discussion  
  
The analyses were based on the data 
collection that collected from respondent’s survey, 
and climate measurements. The technique was 
using in the study analysis is the factors influencing 
thermal comfort. The descriptive analysis consisted 
the highlights of the background information of the 
respondents, their cloth, ventilation behavior, time 
spent at the cafeteria per day, time spent at the 
cafeteria per week, thermal comfort, air movement, 
and temperature of the cafeteria 
 
3.1 Questionnaire method 
 
 The questionnaire was designed and 
distributed to the student for each cafeteria. Each 
cafeteria has 25 respondents. The questionnaire 
have 2 section, section A which is about the 
demographic information  and section B about the 
comfort vote for the cafeteria situation. Each section 
has 9 questions.  
 
 
 
 
 
3.1.1 Rate respondents feel  
 
Figure 1: Respondents feel 
 
Based on Figure 1, the respondents mostly 
feel slightly warm in each cafeteria. This is because 
the environment temperatures that make the 
respondents feel warm. Another reason the 
respondents feel warm because the air movement 
of the cafeteria. The type and quantity of fan is 
affecting the respondent condition. Some of the 
respondents at the cafeteria feel cool or slightly cool 
because the cafeteria has more open space 
compare to other cafeteria. Furthermore the 
activities at the cafeteria also can be the one of the 
reason. That’s why the respondents at each 
cafeteria feel slightly warm because cafeteria 
become main spots for students to have meal, 
discussion or study.  
3.1.2 Thermal environment acceptable  
 
Figure 2: Thermal environment acceptable level 
 
According to Figure 2, some respondents 
still can accept with the thermal environment at the 
cafeteria. Based on the calculation, only 34.8% 
from the total respondents can accept the thermal 
environment condition. 65.2% of the respondents 
said that they cannot accept with the thermal 
environment condition at the cafeteria. This figure 
shows that the entire cafeteria should have more 
effective method to make sure the students can 
accept the thermal environment condition and the 
mean time they can feel comfort at the cafeteria. 
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3.1.3 Preferable environment  
Figure 3: Preferable environment 
By referring to Figure 3, majority of the 
respondents like in cool at the cafeteria. This is 
because they feel uncomfortable to having a 
discussion, study or to have their meal. The 
improvement of the condition will help to get 
student’s attention to spent more time at cafeteria. 
The figure totally shows that the students are not 
like the condition of each cafeteria in USM. This is 
because the thermal environment, temperature, air 
humidity and air movement. 100% of the 
respondents at the cafeteria fajar like to be cooler 
than usual.   
3.1.4 Rate of air movement  
Figure 4: Rate of air movement 
Based on Figure 4, most of respondents 
rate that at the cafeteria have slightly breezy of air 
movement. Some cafeterias such as Cahaya 
Gemilang, Restu, Saujana and Tekun have good air 
movement. Some respondents at the cafeteria feel 
too breezy. This is because the facilities that 
provided such as the fan, open space and dining 
space was in good condition and comfortable. 
According to this figure, the services at the cafeteria 
should be improved to make the air movement in 
good condition. Cafeteria Indah Kembara (B) is the 
lowest quality of air movement compare to others 
cafeteria. The best air movement cafeteria is Restu. 
This is because the respondents at cafeteria feel 
too breezy and slightly breezy only.  
3.1.5 Comfortable sitting area  
 
 
 Figure 5: Comfortable Sitting area  
As we already known that the cafeteria is 
the place for the students to have a meal, having a 
group discussion, and study for the exam or test. 
So, the cafeteria should be in comfortable situation 
to make student feels convenient when use that 
place. Based on survey, the Figure 5 shows most 
respondents feel slightly uncomfortable at the 
cafeteria. The major cafeterias that intended are 
Restu, Bakti and Saujana. This is because the 
cafeterias have many students compare to other 
cafeteria. The respondents become slightly 
uncomfortable because the spaces become more 
crowded than usual. Unfortunately, the highest 
respondent were rated Fajar as the cafeteria that 
feel uncomfortable. This is because Fajar’s 
cafeteria has small space and there have many 
shops. So, it makes the place feel uncomfortable 
and very hot. Besides that, the cafeteria do not has 
enough open space. 
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3.1.6 Air sense level 
 
 
 Figure 6: Air sense level 
Figure 6 shows the level of air humid or dry 
at the cafeteria. The data collection is based on 
rating system shown in Figure 7. Rate 1 is mean 
the air is too humid while rate 5 is mean the air is 
too dry. To see the level of humid or dry, we see the 
reaction of respondents. If the respondents are 
sweating this mean the air is too dry. If the air is too 
humid, the respondents feel humid and cold. Most 
of the respondents feel the air is not too humid and 
not too dry at each cafeteria except cafeteria Fajar. 
At Cafeteria Fajar, the respondents feel the air is 
close enough too dry. This is because the activities 
and conditions of the cafeteria. 
 
Too 
cold 
1  2  3  4  5  Too hot 
 
Figure 7: Rating system for thermal comfort 
 
 
3.1.7 Temperature effect work performance  
 
 Figure 8: The influence of temperature on work 
performance 
Figure 8 shows the temperature at the 
cafeteria is affected or not with the work 
performance. Based on the figure 8, most of 
respondents feel the temperature is close enough 
too hot at each cafeteria. These mean that the level 
of temperature at each cafeteria is high. Cafeteria 
Fajar is the highest temperature compare to others. 
That why the respondents at the cafeteria Fajar feel 
hot and uncomfortable. At cafeteria Aman, Indah 
Kembara (A) and Bakti, there have respondents 
that feel close enough to too cold during answer the 
questionnaire. Other respondents feel that the air is 
not too cold and not too hot. 
3.1.8 More or less clothing  
 
Figure 9: Clothing preference 
 
Figure 9 shows the prefer clothing during 
that time at the cafeteria. Most of the respondents 
want fewer clothes than wanted at each cafeteria 
especially at cafeteria Fajar. This is because the 
respondents feel the environment temperature at 
the cafeteria is hot and make them uncomfortable. 
So, they prefer to get fewer clothes than wanted to 
avoid sweating. Besides that, there have some 
respondents just feel it ok with their clothes. They 
feel the cloths are not affecting their comfort at the 
cafeteria.  
4.0   Conclusion 
 
Thermal comfort is the condition of mind 
that expresses satisfaction with the thermal 
environment and is assessed by subjective 
evaluation. Thermal comfort also can be defined as 
the comfortable state that people feel. Based on the 
study, the there have many factors that can affect 
the thermal comfort at the cafeteria. The factors of 
thermal comfort are air movement, temperature, air 
humidity, clothing and activities. These factors must 
be monitored because it relate to each other to get 
a comfortable condition. The amount of thermal 
insulation worn by a person has a substantial 
impact n thermal comfort, because it influence the 
heat loss and consequently the thermal balance.  
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Layers of insulating clothing can either helps to 
keep a person warm or, at the same time, in case of 
high physical activity, prevent heat loss and 
possibly lead to overheating. Relative humidity 
affects the evaporation from the skin, which is the 
prevailing way of heat loss at high temperatures, 
normally from 26°C (80°F). At lower RH more sweat 
is allowed to evaporate from the body, while at 
higher values it is harder for this process to happen, 
because the air's moisture content is already 
elevated. Therefore, very humid environments (RH 
> 70-80%) are usually uncomfortable because the 
air is close to the saturation level, thus strongly 
reducing the possibility of heat loss through 
evaporation. Air temperature also can affect the 
thermal comfort. Higher air temperature will 
produce uncomfortable condition.  
According to the research, all cafeterias at 
the USM main campus are slightly better in the 
thermal comfort condition.  Some cafeteria is good 
in services but the students still feel uncomfortable 
because of environment temperatures that increase 
day by day. Even though the cafeteria is in 
uncomfortable situation, the students still need to 
use it because cafeteria is important place to having 
meal, make a group discussion and to study for test 
or exam. Management office must take some action 
to prevent the uncomfortable situation.  
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Abstract: 
 
The performance of hospital buildings depends to a large degree on the efficiency of maintenance execution. 
The study investigated the building maintenance system practice in Hospital Pulau Pinang, George Town. A 
total of 100 questionnaires handed over to respondents by hand comprising 36 from Hospital Administration/ 
Management and 64 from Clinical Services Units. The research objectives were to identify the satisfaction level 
of building maintenance in Hospital Pulau Pinang, study the maintenance management system that carried out 
and determine the effectiveness of maintenance management system. At the end of the research, this research 
will come out with recommendations for improvement of the effectiveness of a maintenance management 
system at Hospital Pulau Pinang. The research methodology of this study began with identifying a research 
problem which covered the significance, objective and scope of the study. It also followed by exploratory 
research of the literature. For the questionnaire, the respondent here is the occupant of Hospital Pulau Pinang. 
Questionnaires were designed based on the research objectives and information needs to be obtained from the 
respondents. Questionnaire method is suitable for a large number of respondents. This method is not used for 
the maintenance management because the amount of workers are slightly in this study and interview method 
are used. Interview method is only possible when respondents from Engineer Operations Unit or Facility 
Engineering Maintenance Services (FEMS) which involved in hospital maintenance spare a little time for 
interviews. The result and outcome of the study are discussed through several aspects, focusing on 
satisfaction, safety and health of the occupant. As a conclusion, the satisfaction level of building maintenance in 
Hospital Pulau Pinang is moderate and still have room for improvement. Effectiveness of the maintenance 
system for time to complete maintenance work should be improved. 
Keywords: Hospital, George Town , Maintenance, Occupant, Maintenance Management, Effectiveness. 
 
 
1.0 Introduction 
 
 The maintenance as defined from British 
Standard Glossary of terms (3811:1993) are the 
combination of all technical and administrative 
actions including supervision actions, intended to 
retain an item in or restore it to, a state in which it 
can perform a required function. Building 
maintenance is an activity undertaken to maintain 
and control the building in order to fulfil its functions. 
Good maintenance is to ensure that facilities and 
equipment are constantly improved and able to 
work every time. Good maintenance can be 
obtained by scheduling and supervision of planning 
needs to be implemented. Planning approach is to 
increase work productivity as a job control sufficient 
in all directions issued. The main purpose of 
building maintenance is to ensure that the building 
is able to meet all its functions comfortably to the 
occupants. 
 Malaysia is one of the developing countries 
that's rapidly growing in all sectors including 
construction sector. Building services and 
maintenance is a combination of several actions in 
which to retain or restore an item to perform its 
required action. The hospital is one of the 
government sectors in Malaysia that has many 
assets and needs maintenance to prevent the 
assets from deterioration. There are two 
maintenance systems that presently applied in 
hospital which is preventive maintenance and 
corrective maintenance. 
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 Poor maintenance may result in structural 
failure and money wastage. It is obvious that the 
maintenance is very important and needed in all 
sectors including property sectors. Regard to the 
high cost of maintenance it is important to study 
maintenance problem so that an effective 
maintenance can be carried out to the satisfaction, 
safety and health of the occupant. Problems that 
arise as a result of damage to the building needs to 
be solved as soon as possible. Maintenance is one 
of the best action to address the damage. However, 
in restoration work, other problems arise either 
before or during the repair work is carried out. 
According to Derek Miles (1986), there are three 
main problems in maintenance which are 
inadequate financial, bad management and poor 
building design. 
 
Figure 1: Front view of Hospital Pulau Pinang, 
Georgetown. 
  
 The first problem is financial management. 
To fulfil the demands public sectors, there are many 
expected errors and defects that will occur during 
the construction and that will be result in high cost 
of maintenance. 
 The second problem is bad management. 
Organization need effective managers and 
employees to maintain smooth management. An 
organization cannot succeed without their personal 
efforts and commitment. Job satisfaction is critical 
to retaining and attracting well-qualified personnel. 
This is especially an issue in medical institutions 
such as hospitals where specialized training and 
retention are highly important. 
 The third problem is a poor building design. 
It is important when deciding that material that will 
be used in construction. The differences in capacity 
and facility would trigger a different maintenance 
treatment requires the study to identify whether the 
present maintenance system is can be 
implemented for the all buildings. 
 From BERNAMA news source, June 21, 
2011 George Town, The Ministry of Health of 
Penang has ordered the maintenance contractor 
Hospital Pulau Pinang (HPP) to change the 
maintenance team as soon as possible to ensure 
the safety of the hospital that is more secure. The 
Ministry, Datuk Seri Liow Tiong Lai said the action 
was to ensure the maintenance of the HPP are 
implemented according to the guidelines and do not 
take frivolous on the level of public safety.  
 He said the ministry acknowledged HPP is 
old building and need a better maintenance and 
more frequently from all aspects. Its happen when 
the Penang Police Chief, Datuk Wira Ayub Yaakob 
reportedly fell into an uncovered drain hole 
measuring three square feet while walking in the 
corridors HPP and injured right left and part of the 
body. Before this there were several cases a while 
ago have resulted in the ceiling fell. Datuk Seri Liow 
Tiong Lai was very unhappy with the situation, so 
he will make sure that repair work and safety of the 
public will be properly cared.  
 In the process of maintenance, all parties 
involved have their own responsibilities. Many 
situations where when the occurrence of the 
damage, which contributed to a loss of form then 
everyone will avoid blame. 
 Accordingly, the concepts, principles and 
system maintenance should be known and 
understood. For the purpose of the study should be 
conducted to identify all its damage to determine 
the necessary system maintenance carried out on it 
and goes on to analyse the effectiveness of the 
system. 
2.0 Methodology 
 
 The first step of the study was identifying a 
research problem which covered the significance, 
objective and scope of study followed by 
exploratory research of the literature. In conducting 
this study, several methods are used to obtain 
information. It is divided into two parts, a literature 
review and empirical study. Method of obtaining 
information from the literature means reading and 
analysing sources such as articles, magazines, 
books and journals. Empirical study will involve the 
collection of data and information through 
interviews, questionnaires and surveys. Data 
analysis will be conducted using appropriate 
methods. The proposed research methodology for 
this research is as described as Figure 2. 
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Figure 2: The proposed research methodology of 
the building maintenance system in Hospital Pulau 
Pinang, George Town. 
 Interview method is only possible when 
respondents from Engineer Operations  Unit known 
as Facility Engineering Maintenance Services 
(FEMS) which involved in Hospital Pulau Pinang 
maintenance, spare a little time for interviews. This 
method is done during the process of distributing or 
collecting questionnaires by hand. Specific 
questions prepared and compiled by researchers 
before interview the respondents. The researcher 
will make an appointment in advance to ensure that 
the respondents are willing to do the interview. The 
interview questions will gain knowledge and help 
researcher in completing the survey. 
 A questionnaire was later developed using 
the information obtained from respondents which is 
the occupant of Hospital Pulau Pinang and were 
handed over to respondents by hand of 100 
questionnaires. Questionnaires are one of the 
effective methods of collecting data. The form has 
been designed based on the needs and 
requirements of researcher to obtain information on 
the issues derived from the literature review. 
Therefore, the objectives are the study  guide in 
creating the question. During planning to design the 
questions, the researcher made many references 
and discussion. View from supervisors have helped 
the process to carry out and used as the main 
reference besides reading from the books. 
 The main objective of the questionnaire is 
preferable to achieve the objective of the research 
in determining the effectiveness of the maintenance 
system in Hospital Pulau Pinang. Within the 
questionnaire consists of three parts, Part A 
(Occupant Information), Part B (The Satisfaction 
Level Of Building Maintenance) and Part C (Opinion 
On Improving Maintenance Management). 
 The data were then compiled, analysed and 
discussed with the assistance of frequency and   
analysis index and from there, the researcher 
concluded the findings together with 
recommendations to improve the problem. 
 
 
3.0  Observation, Result and Discussion 
 
3.1  Case studies 
 
 Hospital Pulau Pinang (HPP) is a referral 
centre of excellence in health care services in the 
Northern Region of Peninsular Malaysia. The 
hospital is also among the first health care facility in 
the country was. 
 
Figure 3: Hospital Pulau Pinang in 1812. 
 
1812 - A temporary hospital was set up at a site 
 where it now Eastern and Oriental Hotel.  
1854 - Merchant Chinese Ah Po was built Pauper 
 Hospital for the treatment of opiate addicts 
 need. 
1882 - Hospital site is submitted to the British in 
 1882 and established a perfect hospital. 
Figure 3 shows the Hospital Pulau Pinang in 1812. 
In the original site, the Hospital Pulau Pinang 
construction starts. When the cost of construction 
was $ 90,997.00.  
 Hospital Pulau Pinang (HPP) is among the 
first health care facility in Malaya held since 1812. It 
is the second largest government hospital in the 
country with a total of 1,107 beds. The main role of 
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this hospital is to provide health care services, 
clinical and clinical research training. Distribution of 
bed by class is as follows: 
Class 1: 37  
Class 2: 11  
Class 3: 1,059 
 
 Until 30 November 2011, the Hospital 
Pulau Pinang has a staff strength of 3900, including 
146 doctors and 740 medical officers. Hospital 
Penang erected on 35 acres of land has some 
building blocks of Block A, Block B, Block C, 
Daycare Complex (ACC), Store Integration and 
Maternity Hospital in the Residency Road. While 
the Psychiatric Ward is at Jalan Perak. 
 Hospital Pulau Pinang (HPP) offers 
outpatient clinical services for general, 15 
secondary skills, tertiary skills 34 and 16 clinical 
support services. For outpatient treatment, HPP has 
31 clinics, EMTS, rehab therapy, clinical support, 6 
operating theaters, day care centers, hemodialysis 
and CAPD. For patients, there were 36 wards 
various classes and disciplines, 7 ICU wards, 17 
operating theaters, a surgical HDW and O & G 
HDA. 
 HPP also acts as a central reference point 
tertiary clinical services in the northern region. 
Penang Hospital has been recognized by the 
Ministry of Health Malaysia as a center for clinical 
excellence in the field of plastic & reconstructive 
surgery, cardiology, cardiothoracic and nuclear 
medicine 
 
3.2  Analysis and Discussion 
 
3.2.1  Analysis Data From The Interviews 
 The maintenance system used by the 
Facility Engineering Maintenance Services (FEMS) 
based on prioritize the quality, efficiency and 
friendly customer service. The  system is based on 
damage complaint analysis, information analysis 
and work implementation. 
 Complaints of the damage found in the 
buildings that received from the occupier of Hospital 
Pulau Pinang is through some form of complaint 
system, example likes "HELPDESK" (via 
telephone), submission of the complaints form and 
meetings directly to maintenance management. The 
analysis will include verification of the complaint, 
the allocation of costs, damage classification, the 
period of the work done and the people who 
undertake the responsibility. After analysis, the 
measures to implement the work contains details 
about type of damage, location of the damage, 
phone numbers, name and designation of the 
complainant. 
 The information for reported damage 
complainant will be identified and the work steps 
will be taken. If the damage complaints reported by 
using HELPDESK, then the Facility Engineering 
Maintenance Services (FEMS) will issue the 
Complain Work Request Form and the form will be 
filled. In this form divided into several parts which 
were :- 
i. PART A: Complaint work 
request. 
ii. PART B: Assessment. 
iii. PART C: Parts Details. 
iv. PART D: Employee. 
v. PART E: Completion. 
vi. PART F: Validation (For internal 
use only) 
 
 Implementation of the work is carried out 
after the report being received. After identifying the 
work to be carried out, Facility Engineering 
Maintenance Services (FEMS) will appoint a 
contractor for the completion of maintenance work. 
Appointed contractor is Faber Medi Serve Sdn Bhd.
 The effectiveness of the maintenance 
management system involving with the satisfaction 
for the service and the quality of the particular 
building users. In addition, the satisfaction and 
effectiveness of the system for the evaluation was 
analysed by the management to improve the quality 
of work and to improve the weakness. 
Table 1: The number of complaints received by 
month in 2012. 
MONTH TOTAL COMPLAINTS 
COMPLETED NOT COMPLETED 
NO % NO % 
January 1437 1432 99.65 5 0.35 
February 2034 2031 99.85 3 0.15 
March 2135 2130 99.77 5 0.23 
April  1956 1955 99.95  1 0.05 
May 2268 2265 99.87  3 0.13 
June 2109 2108 99.95  1 0.05 
July 2576 2565 99.57  11 0.43 
August 1816 1784 95.10  32 4.90 
September 2105 2095 99.52  10 0.48 
October 2211 2205 99.73  6 0.27 
November 1784 1778 99.66  6 0.34 
December 2165 2144 99.03  21 0.97 
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 Table 1 shows the total complaints that 
have been received by the Facility Engineering 
Maintenance Services (FEMS), Hospital Pulau 
Pinang by month in 2012. Figure 4 shows the 
percent of complaints that were completed and not 
completed in 2012.s The most highest complaints 
that not completed is in August (4.90 %) and the 
most lowest complaints that not completed are in 
April and June (0.05 %). 
 
Figure 4: The percent of complaints that were 
completed and not completed in 2012. 
3.2.2 Analysis Data From The Questionnaires 
 The main objective of the questionnaire is 
preferable to achieve the objective of the research 
in determining the effectiveness of the maintenance 
system in Hospital Pulau Pinang. Within the 
questionnaire consists of three parts which are :- 
i. Part A (Occupant Information). 
ii. Part B (The Satisfaction Level Of Building 
 Maintenance). 
iii. Part C (Opinion On Improving Maintenance 
 Management). 
  
 The questionnaires distributed to 100 
people that occupy at Hospital Pulau Pinang. For 
Part A (Occupant information), the respondents are 
42 % of the male and 58 % of the female. There are 
two categories of job which are from Administration/ 
Management section and Clinical Services Units 
section. From hundred respondents, 64% are from 
Clinical Services Units and 36 % are from 
Adminstration/ Management. There are four 
categories of period service at Hospital Pulau 
Pinang which are less than 1 years, 1-3 years, 4-7 
years and more than 7 years working experience. 
14 people have been working for less than 1 years, 
35 people working for 1-3 years, 22 people working 
for 4-7 years and 29 people working for more that 7 
years experience. 
 
 
Figure 5: The period of service at Hospital Pulau 
Pinang. 
  
 From the questionnaires, 76 % of the 
respondents have made a report damage/ defect to 
the Facility Engineering Maintenance Services 
(FEMS) and about 24 % have not made a report. 
About 88 % respondents satisfied with the repair 
performed by maintenance management after 
making the report and 12 % were not satisfied. 
 For Part B (The Satisfaction Level Of 
Building Maintenance) divide into two which are 
about the maintenance of items and the 
effectiveness of maintenance management 
systems. The data for maintenance of items have 
been collected and have 6 different types. There 
are ceiling, finishes, wall, floor, electrical and 
plumbing. 
 
Table 2: Analysis frequency of maintenance of 
items. 
ITEM 
ANALYSIS OF FREQUENCY 
MIN 
1 2 3 4 5 
Ceiling 0 2 59 37 2 3.39 
Finishes 1 5 53 40 1 3.35 
Wall 0 4 49 45 2 3.45 
Floor 0 3 51 45 1 3.44 
Electrical 0 5 54 37 4 3.40 
Plumbing 1 4 52 42 1 3.38 
 
1 = Very Dissatisfied. 
2 = Dissatisfied. 
3 = Average. 
4 = Satisfied. 
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5 = Very Satisfied. 
Classification of the average points (Min) scored 
was referred to McCaffer and Muhd Zaimi (1997) as 
follows: - 
0.00 < Cumulative Points < 1.50 = Week. 
1.50 < Cumulative Points < 2.50 = Poor. 
2.50 < Cumulative Points < 3.50 = Moderate. 
3.50 < Cumulative Points < 4.50 = Good. 
4.50 < Cumulative Points < 5.0 =Very Good. 
Overall, the satisfaction level of maintenance 
according to an item is moderate. 
 
 To investigate the satisfaction level of the 
effectiveness of maintenance systems was divided 
to maintenance services, the quality of maintenance 
work and time to complete maintenance work. 
 
Table 3: Analysis frequency of the effectiveness of 
maintenance management systems. 
Type 
ANALYSIS OF FREQUENCY 
MIN 
1 2 3 4 5 
Maintenance 
services. 
 
0 2 50 47 1 3.47 
The quality of 
maintenance work. 
 
0 3 50 46 1 3.45 
Time to complete 
maintenance work. 
 
0 10 55 33 1 3.23 
 
With the reference from McCaffer and Muhd Zaimi 
(1997), the satisfaction level of the effectiveness of 
maintenance management systems is moderate. 
 
 For Part C (Opinion On Improving 
Maintenance Management), the respondents 
generally satisfied but still there are small problems 
that need to be improved. The respondents 
requested for maintenance staff that make routine 
inspection should be added, so that any damage 
can be repaired without any report made by the 
occupants of the hospital.  
 They also suggested that monitoring the 
contractor that's been hired to do the cleaning work 
should be in accordance with the timetable that 
been given. Therefore, monitoring from the  
maintenance management should be tightened. 
Effective communication between occupants of the 
hospital with maintenance management should 
have to provide or deliver information easily. 
 
Conclusion 
 
 Generally it can be said that the 
satisfaction, safety and health of the occupant in 
Hospital Pulau Pinang, George Town was 
moderate. Although the level of satisfaction was 
moderate but there has a space for improvement 
for a better result for the future to avoid any 
damage or defects that affect the safety and health 
of the occupants. 
 Damage occurs when the original 
conditions are no longer a part of it works well as 
desired. Damage in areas such as ceilings, floor, 
electrical systems and walls are some examples 
causing inconvenience to users and it is the main 
reason why the process of building maintenance is 
required. Nowadays, there was reported cases of 
damage to the building was not properly maintained 
and carried out immediately. This was a negative 
action because it could threaten the safety and 
health of the occupants. In some cases there was 
other maintenance work not carried out properly 
causes the damage and it will be repeated again. 
 Maintenance is essential to the construction 
industry today and in the future. The effectiveness 
of maintenance is paramount in doing maintenance 
work regardless of any situation work. Various 
methods actually exist and the selection of the best 
is just to facilitate the maintenance work carried out 
immediately and benefits to the parties involved. 
Therefore, the priority given to meet the 
maintenance concept and to get a good product. 
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Abstract: 
 
 
Construction sector is an important sector and contributed significantly to national development. However, this 
sector poses higher risk to accident. This is due to fact that construction site can be considered as a dangerous 
zone to workers and to the public. Due to the variety of cases occurs on site, the contractor will usually have to 
pay the cost related to accidents in the form of higher insurance premium. Despite various measures, accidents 
still occur at construction sites. Personal Protective Equipment (PPE) is one of the important means to protect 
the wearer from hazards in the workplace. Since this equipment is the last frontier of the wearer from worksite 
hazards, it is important to select it based on the job scope and the intended protection. Therefore, this study 
was formulated to find out the level of knowledge and awareness of construction workers on PPE usage. It was 
also important to know what make the workers would want or do not want to use the PPE.  It was found in this 
study that the level of awareness and knowledge among workers on the proper use of PPE is moderate. 
Construction sites accident can be further be reduced with proper implementation of PPE voluntarily by all 
workers. 
 
Keywords: Construction site, Personal Protective Equipment (PPE), Construction worker, Accidents 
 
1.0 Introduction 
 
The construction sector is one of the catalysts to 
the development and economic growth in 
Malaysia. In the 10th Malaysia Plan (Year 2011 
until 2015) construction represent the sum of 
RM230 billion, in which RM138 billion currently in 
physical development or under construction. In 
Malaysia, the Construction Industry Development 
Board (CIDB) is responsible for making 
recommendations to government on matters 
related to the construction industry and manages 
the important parts of the industry including 
registration of contractors, helping advance the 
knowledge base of the industry, training, safety, 
and education (Ernawati, 2012). Besides that, the 
National Institute of Occupational Safety and 
Health (NIOSH) is functioning to provide training 
place, examination, consultants, research and 
development and others relevant in construction. 
As development activities became more dynamic, 
there are variety of problems arises including 
problems from near misses accident and accident 
occurring at a construction site. Due to the variety 
of cases occur on the construction site, the 
contractor have to pay the accidents cost and loss 
of productivity. 
One of the reasons accident cases remaining as 
major issue in Malaysia is partly about the 
awareness of Personal Protective Equipment 
(PPE) among worker. PPE is the last ranks on the 
hierarchy of controls, as the workers are exposed 
to the hazard, with a barrier of protection. 
 
It was confirms by international research that small 
business are poorer than larger organizations in 
implementing formal OHS programmed (Eakins, 
1992). The large construction firms have 
implemented a wide range of OHS management 
initiative; it seems that SME’s in construction 
undertake little in the way of formal OHS 
management activities. Employer or contractors 
are responsible for providing, replacing and paying 
for PPE. The workers are responsible for actually 
using the protective equipment based on their jobs. 
For equipment selection, an employers need to 
make proper selections, they must survey for 
hazards, organize and analyze the data and then 
make a proper selection based on type of hazards. 
The employer must communicate to each 
employee (workers) what protective equipment is 
required and train each employee how to use the 
PPE, the limitations of the PPE, and how to care 
for the PPE. This is to ensure that the equipment 
can work efficiently and effectively when used, 
thus helping to protect them from near miss and 
serious accidents. 
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2.0 Literature Review 
 
Safety and health in construction is a condition in 
which an employee needs a safe and healthy 
environment for herself and other people that be 
affected by its activities (Ahmad, 2006). The factor 
affecting safety on construction site includes poor 
safety awareness of top management, lack of 
training, poor safety awareness of project 
managers and reluctance to input resources to 
safety and reckless operations (Tam, 2004). There 
are three (3) elements to behaving safely; the 
knowledge, equipment on works, motivation 
(psychology) on how to operate safely (Marsh et 
al., 1995). This elements must be carried out, 
cooperate and attention to the workers as well as 
the management to enhance safety during the 
working on site. 
 
 
Personal Protective Equipment (PPE) 
Personal Protective Equipment (PPE) is the 
equipment that needed for give a protection to the 
person from any hazard in workplace. The 
minimum for personal protection for workers or 
visitor to a construction site shall be safety helmet, 
safety shoes (boots), safety glasses and hand 
protection. 
 
 
Eight (8) steps of PPE Guideline (Mansdorf, 2013):  
 
a) Evaluate an exposure to the risk of 
accidents,                                                                           
b) Carry out an assessment of other controls, 
establish performance characteristics 
required,  
c) Determine the barrier of ergonomic, 
evaluate the PPE requirements based on 
work environment,  
d) Selecting the PPE equipment based on 
hazard, quality and effective cost, provide 
training, then; 
e) Surveillance on the PPE application  
There are (3) more items that required when 
applying criteria for PPE; through application, 
employee-owned equipment and safe design. 
The factors that influence of PPE practice on site: - 
a) The physical and psychological about the 
PPE usage. 
b) Perception of younger age in affecting use 
of PPE.  
c) Lack of enforcement and safety training by 
employer. 
d) The employee knowledge, belief and 
attitudes through perceptions of hazards 
and risk. 
e) Lack of support by management in 
supporting the safety culture. 
 
 
 
Figure 1: The relationship between person, 
environment and behavior on safety culture. 
 
Table 1: Comparison between the SME’s and 
large project. 
SME’s Project Large Project 
General Information 
Small and medium 
project. Major and large project. 
Class project : C,D,E and 
F (Below than RM 
5,000,000) 
Class project of A and B 
(RM 5,000,001 and 
above) 
Low risk High risk  
Safety Management Aspects 
There is no or little 
provision for safety 
management. 
There have a special 
provision for safety 
management. 
Does not require any 
consultant (SHO) 
because of less 
stressing on safety but 
Site Supervisor will 
monitor everything. 
 
 
Required consultants 
(SHO and Safety 
Supervisor) because of 
more stressing on safety. 
Both of them will monitor 
and surveillance the 
workplace. 
Having problems to 
engage on Occupational 
Health and Safety (OHS) 
advice or services 
because it will cut the 
project expenses. 
Does not have any 
problem related on OHS 
advice or services 
expense is prepared by 
employer to ensure the 
safety of project and 
workers. 
 
Accident records were 
not highlighted because 
it underestimated 
security. 
 
 
 
Accident record was 
emphasized because 
they served as reference 
to the employer to claim 
any medical expenses 
and will be reported to 
the authorities for further 
investigation 
Does not have safety 
committees; Site 
Supervisor was 
accountable by employer 
to resolve all matters that 
related to safety. 
 
Have a great safety 
committee for interests 
and facilities to workers 
and parties. 
Personal Protective Equipment (PPE) Aspects 
Only some employer 
was provide the PPE 
equipment to workers 
The employer was 
supplied PPE equipment 
by to workers. 
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and the rest belong to its 
workers. 
Less emphasized or 
never caring on wearing 
PPE equipment among 
workers 
Very strict on wearing 
PPE equipment among 
workers 
Improper PPE 
equipment was prepared 
by some employer 
The proper and fulfill PPE 
equipment was prepared 
by employer. 
Unawareness or lack of 
PPE knowledge. 
The workers’ awareness 
on PPE was better and 
impressive. 
Source: Official Portal Contractor Services Centre (PKK) 
 
A guideline to create awareness of the PPE usage 
among workers on site: -  
a) Develop a Project Culture that supports worker 
safety. It was thoroughly on the values of good 
working relationships and clear communication 
to each of them. 
b) PPE hazard assessment and training. The 
assessment should apply to set a standard 
operating procedure for personnel, and then 
train employees on the protective limitations of 
the PPE, its proper use and the maintenance. 
c) All parties involved must be totally committed 
to safety. When the planning was carry out 
involving all parties, employee awareness 
would be created because they feel that 
employers are very concerned about 
occupational safety.   
d) Employee responsibilities. An employee needs 
to express their concerns and ideas to 
management, the program implementer, or the 
noise-control engineer. Besides that, they 
must have a sense of responsibility to comply 
with all rules and regulations. 
 
3.0 Research Methodology 
 
The questionnaire form for the respondent was 
prepared with 20 questions on safety and PPE at 
construction site. The respondents consist of 
workers on all construction site projects. There 
were 80 forms distributed among workers, and 60 
of the respondent gave a good cooperation.  
Observation method that was used in this study is 
to make an observation and surveillance at the 
construction site. This is divided into two 
categories of projects known as SME’s and Large 
Project in Penang. There are some special aspects 
included in this observation, such as: - 
a) The workers awareness on the use of PPE 
during working on construction sites. It can be 
seen through to the habit (behaviour), mode of 
application, their initiative on getting the PPE 
as a personal protective. 
b) Some other parties that concerned with the 
wear of PPE among workers. The parties can 
be the employers, Safety Officer (SHO) ,Site 
Supervisor and others. 
c) The safety management by employer, SHO 
and other parties to surely the environment 
workplace was in safe and satisfied. Besides 
that, the observation from this parties through 
about wearing on PPE among workers during 
working. 
d) Preparing a proper working system and affect 
to workers in order to protect them from 
accidents or related on near misses. This is 
surely accountable to management parties. 
e) Identified any factors that influence workers to 
wearing the PPE on site. 
An interview session was carried out with the 
Safety Officer and Site supervisor. They gave 
feedback in terms of PPE supply from employer , 
the workers’ awareness on using PPE , toolbox 
meeting in periodically , and others information 
about safety and workers 
4.0 Results and Discussion 
60 questionnaire forms returned were considered a 
good received considering some workers on site 
could not understand Malay or English or could not 
read. Most of the works couldn’t afford to spent 
time on answering questionnaires. 
Table 4.1: The number of respondent based on 
criteria and total respondents. 
Criteria Respondent Number of Respondent 
Satisfied 
Respondents 
60 
Unsatisfied 
Respondents 
20 
Total Respondents 80 
 
The data collection based on the questionnaires:- 
 
Figure 2: Rate of worker’s age 
1. Figure 2 shows the view of worker’s age in the 
study area. The average worker in the study 
area is between 24 to 29 years old at 33% of 
the respondents (total respondents: 80 
persons). While only 1% just recorded for 
workers aged between 48 to 53 years and 54 
to 59 years old. This case shows that the 
construction worker in around Penang was the 
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categorized as a young people. Many 
speculations were arising; they are still young 
and have a better nature than those aged 40 
years old and above. However, those who are 
range of 40 years; they have a lot working 
experience deeper than young worker does. 
 
Figure 3: Worker’s Citizenships 
2. The worker’s citizenships status been 
classified as Figure 3. There have five (5) main 
categories based on worker’s citizenships 
status; Malaysian, Indonesian, Nepal, 
Bangladesh and others. For the ‘Others 
‘category was consisted of Burma and Indian’s 
worker. Majority the workers are from 
Indonesian, which is consist by 40% of total 
respondents. While the minority 5% of the 
respondents are from ‘others’ countries. Based 
on the results of respondents, the mostly 
Indonesian workers have a higher skills on 
construction compared to workers from other 
countries. Besides that, workers from 
Indonesian are also easily able to work 
compared than workers from other countries. 
So that, the contractors was preferred to hire 
workers from Indonesian to works on 
construction project. In addition, the 
communication between employers to 
employee is easier because they (Indonesian 
workers) could understand and communicate 
in Malay Language. The Indonesian’s native 
language almost been same with Malaysian’s 
language. Therefore, this situation through can 
be more smooth to the construction project on 
worksite. 
         
Figure 4: Working experience on construction site 
3. Figure 4 shows the Pie chart of period working 
experience on construction site among 
workers. There have 28% of respondents have 
the working experience for 3 until 5 years on 
construction sites. This situation was reflecting 
that the level can be classified as a middle 
level.  They can be describes as a person that 
beneath in learning process to get an 
improvements to their construction skills. This 
case can be related on the worker’s average 
as shown in Figure 4.1 (The rate of worker’s 
age) which is the highest workers was around 
24 until 29 years old . 
The working’s experience among this 
respondent may be not enough in terms of 
many aspects on construction process. While, 
there is only 5% of respondents have the 
working’s experience on site around 20 years 
and above. The period’s of working through 
been simplify as a skilled worker regarding to 
various aspect especially in work safety. 
 
       
Figure 5: Level of knowledge on safety among 
workers 
4. Figure 5 shows the Bar chart of level 
knowledge on safety among workers. The 
mean score is 3, which is equal to 66% in 
moderate level. This indicates level of 
knowledge on the safety been classified in 
intermediate level. Generally, workers knew 
not all applicable laws on safety at 
construction sites. However, they are also be 
labeled as a workers who cares about safety. 
Although their level of knowledge is not 
comprehensive, but they know about the risk 
of accidents at construction sites. In this case, 
the employer plays an important role to 
promote safety awareness among workers. 
Besides that, the initiative taken by workers 
also important to prevent any accidents during 
working should be practices. Although they are 
new workers who had worked less than 6 
months, they have the basic knowledge on 
safety at construction sites. This statement can 
be proved through the Pie Chart shown 
nothing worker were very weak (1) to the 
knowledge of safety at construction sites. 
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Figure 6: Ownership of Green Card among 
workers 
5. Figure 6 shows the Pie chart of ownership 
Green Card among workers. As we know that, 
the use of Green Card issued by Construction 
Industry Development Board (CIDB) is very 
important to the construction sector in 
Malaysian. Any parties and persons that 
involved in the construction industry should 
have a Green Card. The findings of the 
respondents indicated that the majority 
workers ‘have’ Green Card is 75% of total 
respondents. Then 15% of them indicated that 
they 'does not have' Green Card required by 
CIDB. Small amounts of 10% of the 
respondents are 'not sure' whether they have 
Green Card or not. A green card was obtaining 
after attending a course organized by the 
safety and health under the CIDB. Those 
involved in the construction site would have 
Green Card. Especially construction workers 
(construction labour). Those workers had a 
Green Card would be exposed to the 
knowledge about the importance of wearing 
safety equipment and PPE. The Pie chart 
above was refers to the percentage that had a 
Green Card is high, it can be interpreted that 
they have a basic knowledge of the application 
on PPE and safety matters at the construction 
site. The course organized by CIDB will 
expose participants on PPE attire and its 
functions according to the scope of work, place 
and situation. Duties of a Green Card can also 
cultivate self-awareness about safety while 
working on sites. Those workers not sure 
whether having a green card or not, they are 
sorely lacking been exposed on basic safety 
by CIDB. In addition, employers might be less 
emphasis on the issue of Green Card; in fact, 
they could convict by CIDB because the 
workers do not have a Green Card. 
 
     
    Figure 7: Stressing on safety aspects to 
workers by employers 
6. Figure 7 shows the Bar chart of stressing on 
safety aspects to workers by employer. Based 
on Bar chart above, there have 69% of 
respondents was agree that employer 
stressing on safety aspects while at work. 
Then, 25% of them indicate that the employer 
was ‘sometimes only’ stress on safety. Lastly, 
6% of them were disagreeing about this issue. 
Majority, which is consist 69% of respondents 
was agree because of monitoring and 
surveillance on safety and worksite usually 
stressing by SHO and Site Supervisor or 
employers representatives. However, 
probability monitoring by the parties might be 
less than 15 hours per week; not fulfil and 
compliance based on regulation 25 (i), Factory 
and Machinery Regulations 1986. 
 
 
Figure 8: Worker’s knowledge on PPE at site 
7. Figure 8 shows the Pie chart of workers’ 
knowledge on PPE at construction site. Based 
on Pie chart above, 84% of respondents were 
agreeing that they have knowledge about PPE 
on site. While 16% of respondents indicated 
that, they do not have knowledge on PPE. 
Definitely, those who had a Green Card 
(Green Card owner) probability have a greater 
knowledge into PPE. This is because they 
were given an exposure and initial safety 
training basic in the worksite. PPE is the 
important basis for safety at worksite. 
However, it is difficult to ensure either the 
workers have knowledge of this PPE aware 
while working or not. There is a possibility that 
they just worn the PPE equipment when 
instructed by the SHO or from an authorities 
visited. However, when surveillance and 
monitoring does not carried out, they 
indiscriminately violate the regulations; not 
wearing PPE equipment during working. While 
there have some respondents did not know on 
PPE; might be not attend the course by CIDB. 
Nevertheless, an employer still provide the 
PPE equipment to workers either they are 
already attended the course or not. 
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Figure 9: Supply of PPE equipment by employer 
8. Figure 9 shows the Pie chart of supplied PPE 
equipment by employer. According to OSHA 
Section 15 (i) ; it shall be the duty of every 
employer and every self-employed person to 
ensure , so far as is practicable , the safety , 
health and welfare at work of all his employees 
(workers). Because of that, an employer 
becomes responsible to provide the PPE 
equipment to all workers. From the studies, it 
was obtaining 78% of respondents that 
indicated their employer is providing the PPE 
equipment to workers. While 23% of 
respondents were disagreeing with this 
statement, an employer actually did not 
provide all the PPE equipment. There have 
some workers that worn their own PPE 
equipment such as safety helmet, safety boots 
and gloves. "Employee-owned equipment" - 
where employees provide their own protective 
equipment, the employer shall be responsible 
to assure its adequacy, including proper 
maintenance, and sanitation of such 
equipment (Safety and Health Regulations for 
Construction, 1926.95(b)). The protective 
equipment, including personal protective 
equipment (PPE), used to comply with this 
part, shall be provided by the employer at no 
cost to employees (Safety and Health 
Regulations for Construction, 1926.95(d) (1)). 
So that, the employer must provide the PPE 
equipment without any cost to employee. 
Regarding to Occupational Safety and Health 
Act 1994, a company (an employer) will be 
penalty as much as RM 25,000.00 (or prison 
for two months) if he is fails to provide the 
safety equipment for workers (The Star, 20th 
October 2003). 
 
Data collection from observation on site 
construction: - 
 
Figure 10: Non compliance on safety regulations 
a) Figure 10 shows the non-compliance 
workers on the safety regulations, the 
workers or any parties that related on 
construction should wear proper and 
suitable attire during on site. However, 
they are offend the regulations, rather than 
that, they are joking while working at 
heights place. 
 
 
Figure 11: Damaged safety helmet 
b) Figure 11 shows a worker was used hat to 
replace the safety helmet, but the hat 
already damaged. He is not caring on their 
safety especially on head. 
 
Figure 12: No hand protection 
c) Figure 12 shows a workers was doing the 
brickworks, but they did not protect the 
hand with the worn of gloves. Other than 
that, they also neglected the safety 
helmet. 
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Figure 13: Improper housing at site 
d) Figure 13 shows improper housekeeping 
on site. It will be disturbing coursework 
and blocked the entry and exit routes. 
 
Figure 14: Improper safety net 
e) Figure 14 shows improper safety net is 
use together. This situation was showed 
that the employer lack of concerned to 
safety in a high place. 
5.0 Conclusion 
 
PPE usage within construction sites is in the 
interest of all parties including workers, employers 
and authorities. Awareness of the PPE application 
should constantly be stressed to the employees be 
it in the SME’s or large project. An efficient and 
effective action needs to be planned and 
implemented to ensure the employees comply with 
wearing PPE during working.  
The use of PPE should become the main priority to 
protect workers and prevent from serious accident. 
Therefore, all parties (DOSH, CIDB, NIOSH, PWD, 
employer etc.) should take the lead collaborate in 
achieving the objectives to ensure PPE application 
among workers in worksite. When the parties were 
cooperating, this issue can be overcome and the 
number of accident in our country can be reduced.   
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Abstract: 
 
The detection of defects in Malay House can be conducted by using two types of methods which is through 
visual inspection and via Non-destructive test. From the visual inspection, a few of defects occurred in this 
Malay house. A few minor defects can be seen in some part of the building. In judging the building condition, it 
is good to have a concrete evaluation, so that a reliable recommendation can be made within a short period of 
time. This concrete evaluation can be made by using the Non-destructive test and also using Prioritize Ranking 
System. The streamline methodology of the system is using the numerical coding for the survey checklist. For 
the data under the priority ranking system then can be used as to predict the condition of the house; either 
decaying, fair, or good. Furthermore, the system enables the surveyor to identify the major types of defects and 
the location of defects occurred. Through this, the surveyor can list out the element to be repaired in order of 
priority. The system is tested to the small-scale timber traditional house namely Surau HBP near the School of 
Housing, Building, and Planning (HBP). The finding of the survey is found true in reflecting the current state of 
the house. 
 
Keywords: visual inspection, priority ranking system, Non-destructive test, timber defects. 
  
 
1.0 Introduction 
School of Housing, Building and Planning, 
University Sains Malaysia has been established in 
1972 by late Tan Sri Professor Hamzah Sendut. 
Amidst the modern and sophisticated building in 
University Sains Malaysia; there is a fully functional 
structure made by hundred percent timbers. It is 
called ‘Rumah Melayu’. Built in 1734 and being 
relocated to Universiti Sains Malaysia compound to 
facilitate student of Housing, Building and Planning, 
University Sains Malaysia to carry out research on 
building structure. Throughout out the years, it has 
been renovated numerous times and now it has 
become ‘Surau’ of HBP.  
Defects and damages are common 
phenomenon that can be found on any structure or 
building. Defects can be referred as fault on 
something that detracts from perfection, whilst 
damages can be seen when any structure, material, 
equipment or element of the building was not fully 
functional.  
  Visual inspection is the easiest and the 
most fundamental method to use in order to inspect 
the existing structure. However, this method may 
not be applicable on the defects that do not appear 
on the surface. Hence; a non-destructive test will be 
use to assess the properties of material, component 
or system without tampering the inspection 
structure. It is important to conserved and 
preserved historic buildings because it provides a 
sense of identity and continuity in modern and fast 
changing world. 
The aim of this research is to focus on 
gathering facts related to defects in timber houses. 
It inclusive of establishment of defects location, 
types and basis of defects so that specific action 
can be carried out to overcome the problems as 
described before. The outcome of this research will 
be handy and able to recognize or diagnose defects 
at every inch of building elements on timber house. 
The research outcome will be a guideline on the 
findings and suggested solution to overcome the 
problem. It will cover the approach, method or 
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technique and materials. Therefore it is worthwhile 
to carry out this research. 
 
2.0 Methodology 
 
The vital step to be taken in order to retain 
the state of the building is through condition survey. 
In order to choose the right solution to be taken; 
survey checklist is needed. The checklist is used to 
identify type of defects, defects location, source of 
the defects and to recognize any major defect 
subsist on the house. 
 Inspection is important as it is closely 
related to reparation stage. In any improvement, the 
solution is based on the defects and overall 
condition of the building. The aim of this research is 
to have specific knowledge associated to the 
defects; particularly with Malay house. It will look 
into the wood defect locations, types and causes. 
Since the house has been built 279 years ago; this 
research also to determine any major defects on it. 
 Before any inspection or test being conducted, the 
approval from building owner is required. Malay 
house belong to School of Housing, Building and 
Planning (HBP) and being used as male prayer 
room. Starting from year 2009, the owner of Malay 
house changed to School of Language, Literacy 
and Translation (SoLLaT). Since then the building 
has not being utilized by anyone. 
Necessary approval has been obtained 
from Dean of SoLLat. The whole process to acquire 
approval and the key to the building took a toll on 
the timeline. Once the key been given; the research 
began by performing observations and procedures 
execution to evaluate building condition. 
In this research; the inspection start from 
external condition to internal condition of the 
building. Several items listed to obtain necessary 
information. For examples, building’s name, year 
built and current usage. The survey was carried out 
through a grid number and all wood defects are 
recorded on the condition survey checklist form. 
Details analysis of each element of the column, 
beams, walls, floors, windows, doors, roof and 
stairs as made. The details analysis is tabulated in 
Table 3 in section 3.  
Tools and equipment being use during the 
process are measuring tapes, torchlight, marker 
pen, checklist form, camera and Non-Destructive 
Test tolls such as sling hygrometer, thermometer 
and 3-in-1 anemometer. 
 
 
 
 
3.0 Observation, Result and Discussion 
 
3.1. Condition Survey Checklist on Timber 
Defect 
 
Table 1: Condition Survey Checklist on Timber 
Defect 
 
 
 
Figure 1: Condition Survey Checklist Guidelines 
 
At the time of the survey, the ventilation 
meter indicates the surrounding temperature is 28 
degree Celsius, with air velocity of 0.5 m/s.  
Base on the observation; the highest 
occurrences belong to termite attack with 5 
appearances. Wet rot, broken parts/missing and 
paint blistering having 2 appearances each. Other 
observation results are ants, white rot, stain mold 
and crack. 
Base on the physical observation of the 
defects; insect attack such as termites and ants is 
the main causes of timber defects, followed by 
fungal infection (white rot, wet rot and stain mold). 
This is accumulated to 66.66% (10 out of 15 defects 
found) of total defects. The locations of the defect 
were found on the roof top.  
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Base on the analysis of timber defects 
prioritize ranking system; the lowest total marks is 7 
which belong to roof (attap). In this condition 
survey, the element of the roof was found to have 
serious defects caused by mechanical failure and 
breakdown to broken part/missing. The figure 
continue with total mark of 11 is caused by insect 
and located in the area of timber floor. 
There are three types of defects that have 
the same cumulative mark (12). The defects are 
stain mold, wet rot and white rot which fall under 
fungal categories. A total mark of 13 recorded 
under termites and ants attack; it is visible on the 
floor joist and roof beam. The highest score own by 
termite attack. It occurred on the window frame and 
timber joist. The remaining 16 mark belong to roof 
truss, external wall, staircase handrail, ceiling joist 
(lean-to-roof), and fascia board and beam tongue 
and groove. 
It is important to deliberate the overall 
condition assessment of the house; whether it is 
dilapidated, fair or good. Furthermore, this finding is 
much more useful if the house will be used by 
human. It will be for the sake of occupant safety. 
According to the rated score of 5 types of data in 
determining timber defects prioritize ranking 
system; this research has extended the calculation 
in getting the total average marks for the rating of 
condition assessment. The analysis reveals that the 
average score is 14, thus it indicates the condition 
of the Malays house is good. 
From the research conducted, the main 
finding can be drawn as follows: 
 
Element to be repaired: 
1) Roof (attap), fascia board 
2) Timber floor 
3) Column (under the house) 
 
Table 2: Causes of Defects 
 
 
By referring the above table, we can see that insect 
is the highest in frequency which is 6 and the 
second highest is fungal with frequency of 4. 
While,the total number of frequency of mechanical 
and weathering is 3 and 2 respectively.  
 
Figure 2: Percentage of Defects (Causes) 
 
Base on Figure 2: Causes of Defects; 
insect contribute the highest percentage of 40% to 
the causes of defects. It followed by fungal and 
mechanical with 27% and 20% respectively. 
Weather only gives 13% of the defects causes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: Cumulative percentage of defects 
(causes) 
 
Table 3: Types of Defect 
 
 
From the above table, it shows that termites have 
the highest frequency which is 5. It followed by wet 
rot, broken part or missing and paint blistering with 
frequency of 2. While, the others is 1 frequency.  
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Figure 3: Percentage of Defect (Types) 
 
Base on Figure 3: Types of Defect; it shows that 
there are 8 types of defect visible during inspection 
to Malay house. The defects are termites, ants, 
white rot, wet rot, stain mold, crack, broken 
part/missing and paint blistering. Termites attack 
recorded the highest percentage of 33%. While wet 
rot, broken part/missing and paint blistering having 
equivalence percentage of 13%. The remaining 
defects are white rot, ants, stain mold and crack. 
Each of it contributes 7% of the pie chart. 
 
Table 3.1: Cumulative percentage of defect (Types) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Cumulative percentage of defects 
 
Based on Table 3.1 and Figure 3.1: Types of 
defect; it shows the cumulative percentage of 
defect. The cumulative percentage of termites is 
recorded as 33.3%, wet rot with 46.65, followed by 
broken part or missing with 59.9%, paint blistering 
with 73.2% and others types of defect with 99.9% 
  
Table 4: Location of Defects 
 
 
By referring Table 4; it shows that roof is the major 
location where the defect occurred. This is due to 
the highest number of frequency which is 5. The 
second most location that defects occurred is floor 
where the frequency is 3. The rest of locations 
which are wall, staircase, ceiling joist, window, and 
beam tongue have the same frequency of 1.  
 
Figure 4: Percentage of Defects (Location) 
 
Figure 4: Location of Defects; showing the 
breakdown of location of the defects. 33% of the 
defect can be found on the roof. It then followed by 
20% defect on the floor. Column having 13% 
shared of the pie chart. The rest of the pie 
represent by beam tounge, staircase, ceiling joist 
and window with 7% and last but not least is the 
defect on wall with 6%. 
 
Table 4.1: Cumulative percentage of defects 
(Location)
 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7  
 
 
 
 
96 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1: Cumulative percentage of defects 
(Locations) 
 
Based on Table 4.1 and Figure 4.1: Locations of 
defect; it shows the cumulative percentage of 
defect. The cumulative percentage of roof is 
recorded as 33.3%, floor with 53.3%, followed by 
column with 66.6%, and others element with 99.9%.  
  
4.0 Conclusion 
 
Based on pareto analysis technique, it can 
be conclude that we must give extra focus on the 
roof, floor and column element. The renovation 
work that took place in 2009 has given quite 
numbers of changes to existing building. Even 
though from the survey it shows that the house is 
still in good condition and classified as good but for 
the  maintenance purpose; the caretaker are 
advisable to give priority to replace the roof 
(attap)as the roof are in worst condition. The survey 
being conducted to Malay house is the first initiative 
to determine current state of building. The same 
exercise should be carried out to other timber 
related building or structure.  
 
5.0 Suggestion 
 
There are eight types of defect has been 
found on Malay house. From list; necessary job 
need to be taken by maintenance managers in 
order to preserve the building. From the list also will 
determine what kind of solution to be taken. Routine 
maintenance is needed in order to keep the building 
in a good condition. 
Environmental control relies on preventing 
the cause of the problem. From the result of the 
study; it shows that major defect caused by insect 
and fungal; so it is important for the surveyor to 
know the remedial work in order to overcome the 
problem. 
 
The aim of remedial work is to control the 
timber decay and to correct any significant building 
defects. In this case, it is recommended to remove 
all the decayed wood with new one. At the same 
time is necessary for laboratory of School of 
Housing, Building and Planning to be equip with 
moisture meter equipment for further investigation. 
By having this equipment it will boost the accuracy 
of measuring wood moisture status.  
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Abstract: 
 
Fire protection system is a very important system that must be included in a building.  It has great significance 
in reducing or preventing the occurrences of fire accident.  This paper presents an assessment of fire protection 
system in student accommodation. Student accommodation is a particular type of building that provides shelter 
for student at university. In addition, it also supposed to be attractive environment, conducive to learning and 
the important thing is safe for occupation.  Finally and off course, fire safety of occupants in the building must 
be according to requirement of building code.  Therefore, the design of building must be in compliance with 
Uniform Building By-Law (UBBL) 1984 of Malaysia and provided with all the safety features. This paper 
describe the findings from investigations of passive and active fire protection system installed in buildings based 
on fire safety requirements UBBL 1984 and the level of knowledge of occupants regarding the installations. 
 
Keywords: fire protection system, passive system, active system, level of knowledge of occupants 
 
 
1.0 Introduction 
 
Fire protection, in terms of construction, is the 
means to inhabit or mitigate the ignition, growth and 
spread of fire and its effects through the built 
environment.  The insurance industry has struggled 
for centuries to reduce risk from fire and only in the 
past 50 years have life safety systems and building 
codes matured to the point that compliance with 
applicable codes and standards provides a 
significant reduction in exposure. (Donohue, 2012). 
Fire protection system is not a new system in a 
building that was built. It is important that the 
system be installed in a building. The building to be 
occupied must be equipped with the best security to 
protect occupants in accidental event such as fire. 
In other words, prevention system is a tool 
protection to the occupants in the building.  With 
regard to installation, fire protection system usually 
installed in the building designed in detail and 
placed in an easy to see and use in the event of 
fire.  
 
However, even with all prevention measures taken, 
fires still occur.  It is noted that in Malaysia the 
occurrence of fire in buildings is rather high, 
whether reported in official statistics or from daily 
reports of in the news media.   
Even though adequate systems have been 
developed, the misconceptions about occupants' 
behavior during fire are due to lack of data available 
on the level of fire safety knowledge of the building 
occupants. Lack of knowledge on fire safety on the 
part of building occupants has a parallel in the 
misconceptions fire safety engineers have about 
people's reaction when faced with a fire. 
 
In university, percentage of fire hazard may be low 
due to the designation of purpose group in the 
UBBL 1984. But in the certain student 
accommodation building was built before ubbl 1984 
establish.  Aman damai is the one of old building 
than Tekun was built 2002.  For family house 
undergraduate is a old building which is same 
condition with Aman Damai because the design of 
building similar, nor post graduate house, it 
categories new building in their group.  Designation 
of purpose group classifies the buildings according 
to its use or intended use falling within one of the 
purpose group set out in the Jadual Kelima UBBL 
1984. The consequences of fire occurrence in 
residential colleges might be low but the severity 
will be high.  This is due to the number of occupants 
in residential colleges at any time. (Subramaniam, 
2004).   
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The occupant must be ensure their building has 
been installed the fire protection system before 
occupied.  The occupants are expected to know 
how the system operates and how to operate the 
system when required.  The design, construction 
and layout of each residential college in any 
university vary according to age and number of 
occupants.  In practice, several factors influence 
involvement in a fire emergency situation, which 
can be described as a strange environment. 
(Chandrakantan Subramaniam, 2004).   
  
This study seeks to identify the fire protection 
system in student accommodation consist two 
group of buildings which is student dormitory 
building and family house accommodations.  It also 
seeks to assess the fire protection system with the 
UBBL 1984. Meanwhile identify the level of 
occupants knowledge according fire protection 
system is a minor objective in this study.   
 
2.0 Fire Protection System In Building 
 
BOW (1993), described fire protection focuses on 
managing the impact of a fire.  This aspect of 
design objectives is equally important since it is 
unlikely that all fires can be prevented.  Fire 
protection design objectives can be divided into two 
categories: 
a) Control of fire with building design - is a very 
effective way to manage the impact of a fire. 
This type of protection is generally referred to as 
‘passive’ protection.  Prevention of fire spread 
and limiting the risk of multiple losses can be 
achieved by the provision of open space safe 
separation distance (up to 15m if space is 
available), 2 hours fire resistance rated fire 
barriers and enclosures (tested to BS476 parts 
20-30 standards), complete physical separation 
by compartmentation of all critical equipment. 
b) Control of fire with fire protection systems and 
equipment - is a design objective which uses 
“active” protections to detect and suppress fire 
before unacceptable damage has occurred.  
This include the engineering and system 
designs for fire detection and alarm systems, 
fixed gaseous suppression system(CO2/Halon), 
fixed sprinkler and water spray deluge systems, 
etc. 
Fire Protection System 
Huang et al. (2011), described  that  fire  protection  
system  can  be  defined  as  is  a  large  complex  
system  which  contains  planning, design, 
installation, debugging, running,  maintaining, 
inspection, management, personnel  disposition  
and  safety  consciousness.  Those  systems  were  
categorized  into  three  kinds  which  are  fire  
technology, personnel  disposition  and  safety  
consciousness.   
Passive   Fire Protection System 
Passive fire protection is basically a planning matter 
and must be considered at the planning stage in the 
building design in terms of mitigation of fire hazard 
and fire risk.  The selection materials, sub division 
of the building into fire-tight cells or compartments 
both vertically and horizontally to contain an 
outbreak of fire and spread of smoke heat and toxic 
fume are basic precautions at the planning stage.  
Effective passive fire precautions represent good 
planning, good design and sound construction, 
which could complement other basic functions of a 
building. (Abu Bakar, 2006).  
Passive building constructions such as 
compartmentation, fire resistance construction, 
means of escape for occupants and means of 
access for fire fighters have to be provided for fire 
protection. The objectives are to reduce the chance 
of having an accidental fire by making the building 
materials and components difficult to ignite. Even if 
the material is ignited, small amount of heat will be 
given out at the early stage of a fire. If a fire occurs, 
the spreading rate should be slow.  It is targeted to 
confine the fire within the place of origin without 
affecting the adjacent areas. The building structure 
should be able to stand the fire for some time so 
that occupants can evacuate.(Chow and Chow, 
2003). 
Active Fire Protection System  
Active fire protection is basically the manual or 
automatic fire protection systems such as: fire 
alarms, detector (heat and smoke) rising mains, 
hose reels, fire telephones, CO2 fixed installation, 
automatic sprinklers and smoke spills system etc to 
give a warning of an outbreak of fire and the 
containment and extinguishment of a fire.  The 
provisions of adequate and suitable facilities to 
assist rescue and fire suppression operations are 
also within the active fire defence strategies. (Abu 
Bakar, 2006).  
Active fire protection systems are for detecting a 
fire, giving early warning and reporting to the 
management and fire brigade, and also attempting 
to control the fire. Three terms should be 
distinguished clearly: 
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a) ‘control’ means the heat release rate of fire 
is not allowed to grow with a rapid rate; 
b) ‘suppression’ means the heat release rate 
is reduced;  
c) ‘Extinguishment’ means the burning is 
stopped. Systems for achieving the 
objectives as in above have to be clearly 
spelled out, especially in tall buildings 
where only fire alarm and detection system, 
fire hydrant system and hose reel system 
are normally required. 
 
3.0 Methodology 
 
With the aim and objective, the methodology of this 
research was developed.  It consist three steps to 
obtain the data collection. The first step is 
information gathering which is get the data from 
various sources such as journal, article and others. 
The second step is the fieldwork consists of 
observation, interview and questionnaire.  These 
three methods are the main factors to collect data.  
The observation was carried out at the student 
accommodation such as Aman Damai, Tekun, 
Family House (post graduate) and Family House 
(undergraduate) to identify the fire protection 
system has been installed and to assess the fire 
protection system according Uniform Building by 
Law (UBBL 1984).  A few interviews with the 
technician Jabatan Pembangunan USM and officer 
form Jabatan Bomba were conducted.  However, 
for identify the level of knowledge according fire 
protection system, questionnaire was conducted 
through to respondents.  The third step is to 
analyze the data collection.  Software SPSS was 
used to analyze data and conclusion can be issued 
based on a result of analysis. 
4.0 Observation, Questionnaire, Result and 
Analysis 
 
Passive Fire Protection System at Student 
Accommodation 
 
i. Compartment 
  
As  important  as  compartmentation  is  in 
buildings  with  large  floor  areas,  however,  the  
vertical  spread  of  fire  poses a  more  serious  
problem.  For this reason, compartmentation 
requirements around vertical openings are often 
especially strict.  The design of  Desasiswa  
Tekun was built with the compartmentation.   It 
has four compartments which is can protect and 
resist if fire occur also avoid smoke spread the 
whole building.  Meanwhile, the compartmentation 
will be easier for fireman to control and extinguish 
fire because it not spread to others compartment.  
The structure of Desasiswa Aman Damai was 
built by block.  In one block has two floors and it 
had a fire door to protect and resist fire spread to 
another floor if fire occur. The door will resist for 
two hours from fire or smoke spread to another 
floor.  The clause related with this situation is 136. 
ii. Fire Doors 
 
Fire  escape  doors  need to  be  wide  enough  to  
allow  people  to  pass  through  in the  event  of  
an  evacuation (Norman Thomson, 2002). Fire 
doors to protect persons escaping from the heat 
and more importantly smoke generated from a 
developing fire.  The fire door at Aman Damai can 
resist the fire for one hour and half.  Fire doors 
installed at the corner of building Aman Damai, 
which is both of corner have this door and also 
center of building.  The fire doors at Aman Damai 
not only function as resist from fire but also used 
as exit way by occupant.  The doors should be 
always kept closed, but because of another 
function it always opened.  Desasiswa Tekun not 
installed with fire door but it had a compartment to 
resist fire and smoke spread to another 
compartment.  The related clauses are 221 (1), 
163 for fire door and for compartment clause 170. 
 
Active Fire Protection System at Student 
Accommodation 
 
i. Sprinkler System 
 
The sprinkler system is an active fire protection.  
This equipment provided only at Tekun, because 
there are new building and according to UBBL 1984 
requirement. This system not installed in Aman 
Damai because there was built in 1969 before the 
UBBL 1984 established. However, Jadual 
Kesepuluh, UBBL 1984 stated student residential 
building and dormitory not exceed between 2 to 3 
level, required to have fire hose reel and alarm 
automatic.   This system released when the water 
automatically to extinguish the fire source and 
minimize the fire spreading when it detect the fire 
sources.  The sprinkler system is activated through 
the glass bulb.  A glass bulb type sprinkler head will 
spray water into the room if sufficient heat reaches 
the bulb and causes it to shatter.  Sprinkler heads 
operate individually.  The relevant clauses in UBBL 
1984 are clauses 226,248 and 228. 
 
ii. Hose Reel 
Fire hose reels are located to provide a reasonably 
accessible and controlled supply of water to combat 
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a potential fire risk. This system important because 
when fireman came they will be used this system to 
extinguish.  In student accommodations, all building 
has this system.  This system can be easily seen, 
because it’s located in the exit route for Aman 
Damai and lobby lift for Tekun building.  Almost fire 
hose reel is inside the box and it can be swing.  It is 
because it can be removed from box to facilitate fire 
fighting work for long distances. For family house 
(undergraduate) it located at center of building 
because it can used to extinguish both sides 
building and the hose is 30meter.  The category of 
this building is hostel and dormitories, so it must be 
installed.  Nevertheless, family house (post 
graduate) not installed this system because in 
UBBL (Jadual Kesepuluh) dwelling house category 
not required this system. The related clauses in 
UBBL 1984 are 248, 230 and 244.   
iii. Break Glass  
It is operated manually, by using a glass break in 
the system when detected by the occupant. Both of 
the buildings have this system.  However, Jabatan 
Pembangunan has been attached the procedure to 
use break glass to inform building occupants. The 
alarm system must be installed in building based on 
UBBL clauses 225 (1), 237 (2) and 244.  Aman 
Damai was installed break glass in three separate 
places such as middle of the building and at the 
both sides of the building. Meanwhile Tekun 
installed breakglass at every each compartment of 
building. Each floor placed four breakglass 
represent a compartment, but for compartment near 
lift the system just installed at the lift lobby.  The 
related clauses in UBBL are 225 (1), 244.   Only 
family house (undergraduate) has been installed 
this system.  
iv. Heat Detectors 
This device operates automatically when can detect 
the fire. It also serves to activate the fire system 
when detect a certain amount of smoke.  The 
position of system in Aman Damai in the switch 
room, which is needed to identify the heat in the 
room  and  Tekun also provided this system in 
switch room at the ground floor.  The detectors will 
detect the heat which released by the fire sources 
are connected to fire alarm system where when the 
heat detector defects heat, it activates the fire alarm 
causing the need to evacuate.  Both of family 
houses not provided this system.  The related 
clauses in UBBL are 225 (1), 244. 
 
 
v. Smoke detectors 
A smoke detector is a device that detects smoke, 
typically as an indicator of fire.  It also serves to 
activate the fire system when detecting a certain 
amount of smoke.  At Aman Damai, the system 
located in switchboards room because this room is 
risk of a fire.  While at Tekun, it is located at the lift 
motor room and elevator shaft.  It becomes an 
alarm to the maintenance person in case fire 
occurred during the maintenance work.  Placement 
of this equipment is in conformity with UBBL 1984, 
is set out in clauses 225, 237, 244. 
vi. Fire Panel 
 
Both of the student accommodations have this 
system.  Aman Damai located this system at the 
centre of the building and Tekun put this system at 
entrance.  This is because easy to fireman or guard 
to know the location of fire. This system connected 
with the panel and that will show place of fire.  The 
panel operate based on zone, easy to fireman 
identify the location of fire.  The particular zone 
indicator light will light up in the main fire alarm 
panel and the repeater displayed panel.   The alarm 
system must be installed in the building based on 
the UBBL 1984, clauses 225 (1).   
vii. Portable Fire Extinguisher 
Portable fire extinguishers apply an extinguishing 
agent that will cool burning fuel, displace or remove 
oxygen or stop the chemical reaction so a fire 
cannot continue to burn.  Aman Damai have 
installed this system at every block.  Fire 
extinguisher carbon dioxide and dry powder have 
been installed at ground floor, but at first and 
second floor only fire extinguisher powder have 
installed.  It located at near the escape route, easier 
for occupancy to get it if fire occurs.  Tekun also 
had been installed this system at wall and every 
compartment.  It’s only portable fire extinguisher dry 
powder that installed at every compartment.  The 
fire extinguisher CO2 also installed at Tekun but in 
the PBA Room because the room have a switch 
board that exposure to fire.  The dry powder fire 
extinguisher had been installed in this building 
included both of family houses.  Even though in 
UBBL, Jadual Kesepuluh  not required to installed 
portable fire extinguisher in dorm, but as safety this 
system had been installed. 
viii. Fire Lift 
Lifts help to provide access to storey’s above or 
below the main entrance level. The building where 
the topmost occupied floor is over 18.5 meters 
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above fire appliance access level, lift shall be 
provided. The installation should be designed and 
installed for vertical transportation of fireman.  
(Dato’Hamzah Bin Abu Bakar, 2006).  In student 
accommodation, only three buildings have been 
installed with lift included Tekun.  This lift had been 
installed because the height of  Tekun more than 
18.5 meters and based on UBBL clauses 243 (1)  it 
should installed.  Meanwhile at Aman Damai and 
both of family house provided staircase for 
occupants to move and exit also as escape route if 
fire occur.   
ix. Exit signage 
When there is a fire emergency in building, all 
occupants must be notified of the most efficient way 
to exit. It is an effective guidance tool to help 
occupants exit if fire occurs in building.  The 
location of “Exit” at Tekun located at the exit way 
and staircase.  Familiar occupants with the 
condition of building will be easy to find exit sign 
because of its proximity to the stairs. So, it’s not 
difficult for them to run if fire occurs. Aman Damai 
locate this signage at exit way every block, sides of 
the right and left also center of building.  Exit way 
and the escape route is the same way at Aman 
Damai, so it’s not difficult for occupants to find the 
signage when fire occurs.  This signage not 
provided at both of family house.  This condition will 
be tough to occupants to find the exit way, but at 
the family house (post graduate) only one staircase 
function as exit way also escape route.  Without exit 
signage they automatically know where the exit if 
fire occurs.  The same situation at the family house 
(undergraduate) exit signage not installed.  
However, the design of the building is the main 
factor to safe life if fire occurs.   The building with 
two floors but the it was built with open area, so it 
easy to occupants exit if fire occurs in their room or 
others. Meanwhile for occupants at first floor, 
staircase at the end of building and center are the 
way for escape when fire emergency.  
Nevertheless, this system must be visible from any 
direction.    
x. Emergency Lighting 
Emergency lighting system is designed to create 
safety and allow the safe evacuation of the building.  
This lighting use when the main power supply fails.  
Aman Damai has installed a number of emergency 
lighting in the building.  This system was installed 
along walkway each floor.  If fire occurs, it will give 
luminance and guide occupants to exit.  Tekun also 
has been installed this lighting which is located at 
lobby lift and along walkway of building. The lighting 
installed at every cube of compartment because the 
structural of building. Therefore the occupants need 
the emergency light to take them out of building if 
fire occurs.  Family house (post graduate) installed 
this system at the ground floor with emergency 
lighting and at the staircase it provided lighting 
system to luminance that area, but at family house 
(undergraduate) just provided lighting system to 
luminance that area. 
Level of Knowledge Occupants 
 
 
 
 
 
 
 
 
From data collected, majority level of knowledge 
occupants dominated of female than male and they 
have knowledge to safe life if fire occurs.  Basically, 
female affirm they more than adequate in level of 
knowledge which is 22.42% (50 respondents) 
admitted compared to male only 12.11% (27 
respondents).  Female also agree that they 
adequate save life during fire occur, 14.80% (33 
respondents) and male 11.66% (26 respondents).  
Nevertheless, there are respondent still need 
guidance to safe them if fire occur with female 
21.52% (48 respondents) and male 16.41% (36 
respondents) and respondent depending on others 
if fire occur which is female 0.9%(1 respondent), 
male 0.45% (2 respondents). 
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Based on the analysis, majority respondent from 
Tekun knowledgeable than others student 
accommodation, 28.25% (63 respondent) more 
than adequate followed family house 
(undergraduate)3.59% (8 respondents), Aman 
Damai 2.69% (6 respondents) and no respondent 
from family house (post graduate).  Meanwhile 
respondent admitted they adequate safe life during 
fire occur dominated Aman Damai 18.83% (42 
respondents), Tekun 4.04% (9 respondents), family 
house (postgraduate) 2.69% (6 respondents) and 
family house (undergraduate) 0.90% (2 
respondents).  Although respondents admitted they 
can safe life but still need a guidance which is 
respondent from Aman Damai 15.25% (34 
respondents),Tekun 13.45% (30 respondents),  
family house (postgraduate) 5.83% (13 
respondents) and family house (undergraduate) 
3.14% (7 respondents).  Only respondents from 
Aman Damai 1.35% (3 respondents) admitted they 
depending on others if fire occur.   In conclusion, 
respondents are knowledgeable and available to 
safe their life if fire occurs.  This situation occurs 
because system in each building different. 
Therefore, knowledge of building occupants is 
varies because they exposed to the same system 
every day. So, the level of their knowledge will not 
change unless they follow a program of awareness 
and access to information about the fire protection 
system through magazines, pamphlets, books and 
so on. Occupants at Tekun more familiar with fire 
protection system and more knowledgeable 
compared to others. While the occupant from family 
house rather less knowledgeable about fire 
protection systems because they lack of exposure. 
Occupants Aman Damai are more knowledge than 
family house because the equipment installed in 
building quite better form family house after 
upgrading the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Based on the analysis, the level of fire 
safety knowledge within respondent is low. From 
graph it show only 33.63% (75 respondents) have 
more than adequate level of knowledge of the 
B.Sc., representing 0.90% are M.Sc (2 
respondents) and Phd respondents do not have. 
Meanwhile, 14.8% (33 respondents) represent 
adequate B.Sc save life during fire occur, followed 
by M.Sc by 9.87% (22 respondents) and Phd 1.79% 
(4 respondents). Respondents admitted agree they 
still need the guidance, 24.22% (54 respondents) 
representing B.Sc, followed by M.Sc 7.17% (16 
respondents) and Phd 6.28% (14 respondents). 
Lastly, only 1.35% (3 respondents) B.Sc depend on 
others if fire occur. Level of knowledge respondents 
involved in this research are less knowledgeable 
about fire protection system. Besides that, the 
equipment in the building involved in this studied is 
different for every building. It was devoted to a 
particular level of education, family house does not 
installed a lot of system compared to Tekun.  
According UBBL 1984, family house (post 
graduate) is a residential house and that does not 
required any fire protection system. Even though 
family house consist Phd students, they still less 
knowledge about fire protection system because 
less exposures unless they already knowledgeable 
about it.  Program such as talk, seminar, and so on 
should be organized, so the occupants get the 
information and thus enhance their knowledge.  
5.0 Discussion 
 
The overall, fire protection systems at the student 
accommodation is compliance with UBBL 1984.  
Even though the UBBL were only establish in 1984 
but the Aman Damai building and family house 
(undergraduate) were built before 1963, so these 
buildings were not compliance with UBBL 1984 at 
the beginning.  But then, Jabatan Pembangunan 
was conducted upgrading fire protection system at 
old buildings to increase the level of safety in 
student accommodation.  
The fire protection systems are most important that 
must be installed in room and requirement in 
building.   As we know, Aman Damai and both of 
family houses does not have any sensors in the 
room.  According UBBL 1984, the required to 
provide detectors in rooms not necessary based on 
the building, but the percentage to prevent incidents 
of fire is high. Female generally always cook to 
save costs. Probability negligence of actions will 
cause fire, but the availability of these detectors can 
help prevent that from happening. Similarly, the 
situation in the family house also exposed to 
various fire hazard through a variety of electrical 
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appliances and cooking activities. Therefore, 
proposed to install detectors will save all parties. 
Alarm panel is required when the fire occurs and it's 
important for fire rescue and firefighting. Conversion 
of new alarm panel which is more effective 
required. At Aman Damai this system still works but 
less effective, because it don't have an indicator to 
show the location of scene. It will make it difficult for 
fireman to identify the scene. This system must be 
upgrade with new technology for safety of all 
occupants. Fire escape route is the main route will 
be used during the occupants run from fire. 
Therefore, the obstacles at this way should be 
avoided because it will slow down the process of 
escape for occupants. Family house (postgraduate) 
have a messy stuff at the escape route such as 
bicycle, table and others. This environment difficult 
to fireman rescue victim and extinguish fire.  
Meanwhile, Tekun has put the bench at the door of 
fire protection system duct.  It will barrier fireman to 
carry out extinguishment of a fire. 
Knowledge about safety is important because it can 
safe life if fire occurs.  The knowledgeable can 
make to use and extinguish the fire, the 
consequence of a fire outbreaks situation and etc.  
Knowledge is also about information which is 
details regarding the safety in them self.  Without 
knowledge they only depend on others to safe them 
if fire occurs.  Increasing the knowledge with 
programs, campaign, seminar and etc can improve 
the value of knowledge in students.  With adequate 
knowledge, the management can reduce the fire 
possibilities from occurring in student 
accommodations.  
6.0 Conclusion 
 
Based on the research carried out, the building in 
this case study has been equipped with necessary 
fire protection equipments and has complied with 
the requirements in UBBL 1984 but the fire 
protection system installed are different between 
the new building and old building.  The design of 
the buildings seems to influence the system that 
was provided. Comparison of student 
accommodation Aman Damai and Tekun showed 
many significant differences in the active fire 
protection systems, especially equipment. Various 
equipment were required at Tekun because the 
design of building. Tekun is a new building that was 
built after the building code UBBL 1984 was 
introduced. Meanwhile, Aman Damai is an old 
building that was equipped with proper active fire 
protection system only after it was upgraded in 
accordance with UBBL.  
However, the basic requirement for firefighting 
equipment and building performance in Aman 
Damai is adequate, but installation detector in the 
room should be provided as an initial step for 
precaution in preventing loss of life and property.  
For family house, the active fire protection system 
in the family house (undergraduate) is better than 
the family house (post graduate). According to 
UBBL the necessary fire protection systems 
equipment were not installed in both buildings 
because they are categorized as a dwelling house. 
However, the design of family house 
(undergraduate) is similar to a hostel, so more 
equipment has been installed than family house 
(post graduate) which is only provided with portable 
fire extinguishers for each block.  Detector should 
also be installed in this building which is in the 
same situation as Aman Damai. Precautions and 
concerns from occupant about fire occurrence is the 
main thing that should be emphasized to improve 
their knowledge in fire safety.    
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ABSTRACT 
Lightweight concrete in the form of foamed concrete - is a versatile material; primarily consist of a 
cement based mortar mixed with at least 20% volume of air. High flow ability, lower self-weight, 
minimal requirement of aggregate, controlled low strength and good thermal insulation properties 
were few characteristics of foamed concrete. Its dry densities, typically, is below 1600 kg/m3 with 
compressive strengths maximum of 15MPa. The ASTM standard provision specifies a correction 
factor for concrete strengths of between 14 and 42MPa to compensate for the reduced strength when 
the aspect height-to-diameter ratio of specimen is less than 2.0, while the CEB-FIP provision 
specifically mentions the ratio of 150 x 300 mm cylinder strength to 150 mm cube strength. However, 
both provision requirements do not specifically clarify the applicability and/or modification of the 
correction factors for the compressive strength to lightweight concrete (in this case, foamed concrete). 
The focus of this work was to study the effect of size and shape of specimen on the axial compressive 
strength of concrete. Specimens of various sizes and shapes were casted with square and circular 
cross-sections i.e., cubes, prisms and cylinders.  Their behaviour in compression strength at 7 and 28 
days were investigated. The results indicated that as CEB-FIP provision specified, even for foamed 
concrete, 100 x 100mm cube (l/d = 1.0) does produced comparable compressive strength with 
100dia. x 200mm cylinder (l/d = 2.0). 
 
 
Keywords: foamed concrete, dry densities, compressive strengths, effect of size and shape. 
 
1.0 INTRODUCTION 
 
 
The differences between the types of 
lightweight concrete are particularly related to 
its aggregate grading used in the mixes. 
Foamed concrete is a type of porous concrete 
and by referring to its features and use; it is 
quiet similar to aerated concrete. The 
synonyms for are: aerated concrete, 
lightweight concrete or porous concrete. 
Lightweight concrete - or foamed concrete - is 
a versatile material; primarily consist of a 
cement based mortar mixed with at least 20% 
volume of air. High flow ability, lower self-
weight, minimal requirement of aggregate, 
controlled low strength and good thermal 
insulation properties were few characteristics 
of foamed concrete. Its dry densities, typically, 
is below 1600 kg/m3 with compressive 
strengths maximum of 15MPa. Typically, 
formed concrete does not contain coarse 
aggregate, and is made by introducing air or 
other gas into a cement slurry and fine sand. 
In industrial practice, pulverized fuel ash or 
other siliceous material is used to replaced the 
sand, and instead of cement, lime used as the 
replacement. These are some of the usual 
application for foamed concrete at present: 
 
1. Density 300-600 kg/m3 – for tennis courts 
and inter-space filling between brickwork 
leaves in underground walls, insulating in 
hollow blocks and any other situation 
where high insulating properties needed. 
Used in roof and floor as insulation against 
heat and sound, and is applied on rigid 
floor (not as structural member). 
2. Density 600-900 kg/m3 – used for the 
manufacture of precast blocks and panels 
for thermal insulation, soundproofing 
screed in multi-level residential and 
commercial building, curtain and partition 
walls, and slabs for false ceiling. 
3. Density 900-1200 kg/m3 – used in 
concrete blocks and panels for 
architectural ornamentation as well as 
partition walls, concrete slabs for roofing, 
outer leaves of building and floor screeds. 
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4. Density 1200-1600 kg/m3 – used in 
precast of in-situ casting of walls, garden 
ornaments, any dimension for commercial 
and industrial use, and other uses where 
structural concrete of lightweight is an 
advantage. 
 
The ASTM standard provision 
specifies a correction factor for concrete 
strengths of between 14 and 42MPa to 
compensate for the reduced strength when the 
aspect height-to-diameter ratio of specimen is 
less than 2.0, while the CEB-FIP provision 
specifically mentions the ratio of 150 x 300 mm 
cylinder strength to 150 mm cube strength. 
However, both provision requirements do not 
specifically clarify the applicability and/or 
modification of the correction factors for the 
compressive strength to lightweight concrete 
(in this case, foamed concrete). For the normal 
weight concrete, its compressive strength are 
affected by the cohesion and void between 
pastes and aggregate particles together with 
the propagation of a number of cracks in the 
local failure zone. But, foamed concrete don’t 
have coarse aggregate in its mixture. So, 
foamed concrete should, generally, produces a 
lower cohesion with higher void in the interface 
with pastes, compared to natural normal-
weight concrete. So, due to these different 
characteristics, the decreasing rate of the 
strength against the lateral dimension of the 
specimen in foamed concrete would be 
possibly distinct from that observed in normal-
weight concrete. (Sim et al, 2012) 
 
Generally, the concrete compressive 
strength decreases with the increase of the 
specimen section size, while the decreasing 
rate almost remains constant beyond a certain 
size limit. The cube compressive strength is 
normally higher than that measured from a 
cylinder, but the effect of the shape of the 
specimen on the size effect is somewhat 
indecisive. So, the ASTM standards  specifies 
a correction factor for concrete strengths of 
between 14 and 42MPa to cover for the 
decrease in strength when the aspect ratio 
(height-to-diameter ratio) of specimen is less 
than 2.0, while the CEB-FIP standard 
specifically mentions the ratio of 150 x 300mm 
cylinder strength to 150mm cube strength. 
Though, both standard requirements do not in 
particular explain the applicability and/or 
modification of the correction factors for the 
compressive strength to lightweight concrete 
(LWC). (Sim et al, 2012) 
 
 
This proposed laboratory work is 
intended to study the effect of size and shape 
of specimen on the axial compressive strength 
of concrete. Specimens of various sizes and 
shapes are cast with square and circular 
cross-sections i.e., cubes, prisms and 
cylinders, and to investigate their behaviour in 
compression strength at 7 and 28 days. 
Hypothetically, compressive strength will 
decrease with the increase of concrete 
specimen size and concrete specimen with 
cube shape would yield comparable 
compressive strength to cylinder (100 x 100 x 
100mm cube to 100dia x 200mm sylinder). 
 
2.0 Experimental Works 
 
2.1 Material and mix design 
Foamed concrete mixes, with target dry 
density of 1250kg/m3, were prepared 
containing ordinary portland cement (OPC), 
sand as fine aggregate, water and stable 
foamed. Three batches of mixes were done 
for three types of samples with various sizes 
and shapes.  
 
Table 1: Mix 1 for sample A 
Volume, m3 0.15 
Target dry density, kg/m3 1250 
Wet and dry density 
difference, kg/m3 +140 
Wet density, kg/m3 1390 
Solid mass, kg 208.5 
Estimate foam mass, kg 
) 
3.59 
Actual mass, kg 204.91 
Mix ratio (C:S:W) 1:2.5:0.45 = 
3.95 
Cement mass, kg 51.88 
Sand mass, kg 129.69 
Water mass, kg 23.45 
Add water (during mixing), kg 7.3 
Total mortar mass, kg 212.32 
Slump 22cm 
Mortar measured, kg/m3 2150 
Mortar volume, m3 0.099 
Estimate foam volume, m3 0.051 
Foamed mix density, kg/m3 1420 
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Table 2: Mix 2 for sample B 
Volume, m3 0.03 
Target dry density, kg/m3 1250 
Wet and dry density 
difference, kg/m3 
+140 
Wet density, kg/m3 1390 
Solid mass, kg 41.7 
Estimate foam mass, kg 
) 
0.72 
Actual mass, kg 40.98 
Mix ratio (C:S:W) 1:2.5:0.45 = 
3.95 
Cement mass, kg 10.37 
Sand mass, kg 25.94 
Water mass, kg 4.67 
Add water (during mixing), kg 1.5 
Total mortar mass, kg 42.48 
Slump 22cm 
Mortar measured, kg/m3 2150 
Mortar volume, m3 0.02 
Estimate foam volume, m3 0.01 
Foamed mix density, kg/m3 1440 
 
Table 3: Mix 3 for sample C 
Volume, m3 0.05 
Target dry density, kg/m3 1250 
Wet and dry density 
difference, kg/m3 
+140 
Wet density, kg/m3 1390 
Solid mass, kg 69.5 
Estimate foam mass, kg 
) 
1.20 
Actual mass, kg 68.3 
Mix ratio (C:S:W) 1:2.5:0.45 = 
3.95 
Cement mass, kg 17.29 
Sand mass, kg 43.23 
Water mass, kg 7.78 
Add water (during mixing), kg 1.9 
Total mortar mass, kg 70.2 
Slump 22cm 
Mortar measured, kg/m3 2150 
Mortar volume, m3 0.033 
Estimate foam volume, m3 0.017 
Foamed mix density, kg/m3 1430 
 
Note 1: 
i. Target dry density for all mixes is 
1250kg/m3. 
ii. Cement-sand-water ratio for all mixes is 
1:2.5:0.45. 
iii. Foam liquid to water ratio is 1:30 for all 
mixes. 
iv. Slump for slurry (mortar) should be in 
range of 22-25mm. 
v. Wet density should be 140/150kg/m3 
higher than target dry density. 
 
 
Fig. 1: Foam mixer 
 
 
Fig. 2: Mortar mixer 
 
2.2 Specimens  
Three samples type from three mixes 
(a) different specimen shapes (cube, prism 
and cylinder) with l/d of 1.0 and 2.0, (b) same 
size specimens with different shapes, and (c) 
cube specimen with l/d = 1.0 but different 
section sizes. 
 
Table 4: Figures of samples with the mould 
used. 
Sample A Mould 
 
Cube 
(100 x 100 x 100mm) 
 
 
Prism 
(100 x 100 x 200mm) 
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Note 2: 
i. Sample B, cube, obtained by casting mix into 
40 x 40 x 160mm mould, and then, the 
hardened concrete cut into 50mm and 100mm 
part. 
ii. Sample B, cylinder, obtained by coring 
hardened concrete of 100 x 100 x 500mm 
prism using 45mm dia. coring drill. Then, 
coring samples were further cut to obtained 
45dia. x 100mm cylinder. 
 
2.3 Curing 
Samples wrapped in an air-tight 
condition with plastic sheet after de-mould, 
for curing. Samples unwrapped, on day 6 (7 
day testing) and on day 27 (28 day testing) 
for another 24-hours oven dry curing (100-
110°C) before testing. 
 
   
Fig. 3: Samples wrapped in plastic sheet for 
curing. 
 
2.4 Method of Testing 
The compression test procedure where 
done with accordance to MS 26: part 2: 
1991. Testing was conducted using 
GOTECH GT-7001-BS300, a closed-loop 
servo-hydraulic dynamic with 3OOtan-
capacity compression machine. Loading rate 
was adjusted for all specimens to be 
0.3N/(mm2,s). The spherical bearing block 
height of the test machine was changed 
depending on the height of the tested 
specimens. 
 
   
Fig. 4: GOTECH GT-7001-BS300, a closed-
loop servo-hydraulic dynamic with 3OOtan-
capacity compression machine. 
 
Cylinder 
(100dia x 100mm) 
 
 
 
 
 
Cylinder 
(100dia x 200mm) 
Sample B Mould 
 
Cube 
(40 x 40x 50mm) 
 
 
Prism 
(40 x 40 x 100mm) 
 
Cylinder (45dia x 
50mm) 
 
 
 
Cylinder (45dia x 
100mm) 
Sample C Mould 
 
Cube(50 x 50 x 50mm)  
 
Cube(100 x 100 x 
100mm)  
 
Cube(150 x 150 x 
150mm)  
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3.0 RESULT AND DISCUSSION 
 
Table 5: Experiment results for samples A, B and C. 
Shape Section, mm Height, mm 
Dry density, 
kg/m3 
Max load, 
kN 
Compressive 
strength, kN/mm2 
Sample A (28 days test) 
Cube 
100 x 100 
100 1200 43.94 4.39 
Prism 200 1189                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     36.68 3.67 
Cylinder 100 (dia) 100 1223 30.64 3.90 200 1267 36.22 4.61 
Sample B (28 days test) 
Cube 
40 x 40 
50 1173 7.82 4.89 
Prism 100 1230 8.00 5.00 
Cylinder 43.0 (dia) 50 1190 6.80 4.68 43.4 (dia) 100 1187 7.56 5.11 
Sample C (7 days test) 
Cube 
50 x 50 50 1216                                                                                                                                                        8.38 3.35
100 x 100 100 1209 40.01 4.00 
150 x 150 150 1179 78.89 3.51 
Note 3: 
i.  
ii.  
 
 
Table 6: Compressive strength comparison between samples A 
Sample A Cube Prism Cylinder, d=100mm 
Cylinder, 
d=200mm 
Cube 
d=100mm  +16.4% +11.2% -5.0% 
Prism 
d=200mm -19.6%  -6.3% -25.6% 
Cylinder 
d=100mm -12.6% +5.9%  -18.2% 
Cylinder 
d=200mm +4.8% +20.4% +15.4%  
 
Table 7: Compressive strength comparison between samples B 
Sample B Cube Prism Cylinder, d=50mm 
Cylinder, 
d=100mm 
Cube 
d=100mm   +4.3% -4.5% 
Prism 
d=200mm   +6.4% -2.2% 
Cylinder 
d=50mm -4.5% -6.8%   
Cylinder 
d=100mm +4.3% +2.2%   
 
Table 8: Compressive strength comparison between sample C 
Sample C Cube, 50mm3 
Cube,  
100mm3 
Cube, 
150mm3 
Cube, 
50mm3  -19.4% -4.8% 
Cube, 
100mm3 +16.3%  +12.3% 
Cube, 
150mm3 +4.6% -14.0%  
Building Surveying and Technology Undergraduate Conference 2013   
 
 110 
From table 6, there is 16.4% compression 
strength reduction when l/d ratio of cube and 
prism increase from 1.0 to 2.0, but for cylinder, 
the strength became 15.4% higher for the 
same l/d ratio change. By referring to CEB-FIP 
standard of comparison, when 100 x 100 x 
100mm cube (l/d = 1.0) compared to 100dia x 
100mm cylinder (l/d = 2.0), there is only 5% 
difference in compressive strength, which, 
could be treat as margin of error during 
samples preparation, curing or testing. 
 
By reducing the effective cross-
sectional area differences between cube 
(prism) and cylinder during testing, data 
comparison can be concentrated more on the 
effect of specimen shape to its compressive 
strength. The initial target cross-sectional area 
for cylinder is 45mm diameter (1590mm2) to 
compare with 40 x 40mm (1600mm2) cube. 
But, because of the frictional loss of surface 
area during coring process of 100 x 100 x 
500mm prism to obtained 45dia. x 50mm and 
100mm cylinder, effective cross-sectional 
cylinder tested have become the average of 
43.5mm (1486mm2). Nonetheless, as we can 
from table 5, cube (and prism) could handle 
higher loading than cylinder by 13.0% if both 
depth is 50mm but the advantage reduce to 
5.5% when depth up to 100mm. referring to 
table 7, both shapes are pretty much identical 
in term of compressive strength. 
 
According to research by Sim et al 
(2012), compressive strength decrease as 
sample size increase for lightweight aggregate 
concrete. But, from table 8, for foamed 
concrete, cube with 100mm3 has highest 
compressive strength from all of the samples. 
Even 150mm3 cube produce higher result than 
50mm3. One of the reason might be, due to 
foamed concrete mechanical properties of 
having low compressive strength (maximum fcu 
of 15MPa), cube size with 50mm3 parameter 
are not suitable to be used as specimen in 
foamed concrete compression test. 
 
4.0 CONCLUSION 
 
The effect of the size and shape (section 
shape and aspect ratio) of a specimen on the 
foamed concrete compressive strength was 
examined according to the unit weight of 
1250kg/m3. From the experimental results 
established, the following conclusions may be 
drawn: 
 
1. Cylinder specimen has less change in 
compressive strength (fcu) when l/d ratio 
change from 1.0 to 2.0 compared to cube. 
In fact, fcu for cylinder increase as l/d 
increase, whereas for cube, there is 18.2% 
reduction in compressive strength. 
2. Cube could carry higher load than cylinder 
(by assuming both cross-section and 
volume as identical). 
3. At same l/d ratio and shape (cube only), 
for foamed concrete, fcu does not decrease 
as specimen size increase. 
4. As CEB-FIP provision specified, even for 
foamed concrete, 100 x 100mm cube (l/d 
= 1.0) does produced comparable 
compressive strength with 100dia. x 
200mm cylinder (l/d = 2.0). 
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Abstract: 
 
All types of buildings will undergo decay and deterioration over a period of time. In the past few years, there 
were plenty of cases related to building defects and failures being reported officially by mass media throughout 
the country. Building defects and failures are becoming ordinary phenomena in the construction industry. 
However, they can arise in several negative impacts on schools, in the means of building performance, health 
and safety aspects and overall environment condition as well as teaching and learning processes. Therefore, 
this study is firstly intended to identify and differentiate the common building defects and failures faced by 
Malaysian school buildings. Then, seven schools in Kedah are selected as case studies. A thorough inspection 
is conducted and the respective defects and failures are recorded with the aid of photographic. Resulted from 
the interview between the research and person-in-charge from each school, the main factors contributing to 
those building defects and failures are determined via this study. Besides, appropriate recommendations for the 
mitigation solutions on those building defects and failures are briefly made, which are extremely essential in 
retaining a health and serviceable school building.  
Keywords: school buildings, Kedah, defects, failures, contributing factors  
 
 
1.0 Introduction 
 
Malaysia is currently in the intermediary 
phase of development and industrialization where 
many construction projects are being implemented 
in the whole country. (Aini et al, 2005). There are 
bundles of projects have been constructed within 
Malaysia such as commercial buildings, residential 
buildings, public buildings and industrial buildings. 
The project of public buildings includes educational 
buildings, hospital buildings and government 
buildings. Educational buildings are a principally 
specialized type of institutional buildings where 
students meet, search for information and study. 
(Heitor, 2005). Nevertheless, there are a great 
number of building defects and failures arose and 
being reported officially by mass media, especially 
problems with educational buildings.  
There are numerous defects and failures 
which are common to school buildings’ components 
such as roofs, walls, floors, ceilings, toilets, doors 
and windows. (Akasah, 2009). Ong (1997) indicated 
that building defects become a critical issue only if 
they are major or excessive. Government had been 
allocated a considerable sum of money to rectify 
the building defects and failures found in school 
buildings. (Haryati et al, 2011). These defects and 
failures may cause unexpected accident and even 
death. For example, in 12 September 2005, a 
teacher fell to his death when a decayed plywood 
floor of a two-storey school block in SJK (C) Keat 
Hwa, Kedah gave away. It is believed that the floor 
was infested with termites (The Star, 2005). 
Moreover, seven pupils were seriously injured when 
the wooden walkways of their school in Sibu 
suddenly collapsed. (The Star, 2011). 
The physical aspects of school environment 
can have an effect on the teaching and learning, 
either help or inhibit the process. (Mahli et al, 2012). 
From the cases reported, defects and failures can 
be concluded as fatally disparaging and critical 
because they bring impairment to its users and 
building itself; causing damage, serious injuries and 
death. Buildings are designed as structural 
systems, and consequently, when a major 
component of the building fails, it can trigger a 
series of failures. (David, 2001).  Building defects 
and failures are said to be contagious. This is 
because if they are not addressed immediately, 
they are not only getting worse but also destroying 
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the adjourning components, elements and building 
parts. (Olanrewaju, 2012). 
Therefore, a study is important to 
investigate the contribution factors of those defects 
and failures in order to create a safe building. From 
the study, a remediation plan can be developed 
based on the respective defects and failures to 
mitigate the impacts and also improve the current 
conditions. Olanrewaju (2012) stated that school 
buildings are procured to create and sustain a 
conducive environment to support the processes of 
learning, teaching, researches and innovation. 
 
2.0 Methodology 
 
The problem to be studied must be 
identified at the early stage of the research. The 
next step was to identify the significance and 
objectives of the study as well as outline the scope 
of study in order to achieve the set objectives. The 
literature was critically reviewed from a variety of 
sources such as books, Internet, journals, articles 
and unpublished thesis. Literature review was 
essential to develop the research hypotheses which 
formed the framework of the research. 
Next, visual inspection was carried out on 
the selected schools to determine their current 
building condition. There will be 7 schools to be 
selected as case studies in this research. The 
building defects and failures found were recorded 
and the data were collected for data analysis. After, 
the researcher concluded the findings and 
recommendations were provided to rectify the 
problems.  There are 4 approaches which had been 
utilized throughout this study to gather reliable and 
relevant data which will be discussed in next sub-
section. 
 
2.1 Conceptualization 
 
Conceptualization was vital to understand 
the purpose and importance of the research to be 
conducted. This approach was also important to 
understand the problems and research questions of 
this research.  Furthermore, objectives and goals 
were set so that they can be achieved through this 
study. (Ahzahar et al, 2011). 
 
2.2 Literature review 
 
Literature review was a significant part in 
any research in terms of gathering secondary data. 
Imperative and resourceful information could be 
acquired to expand indulgence of the study. It 
helped to accomplish the objective to identify the 
general building defects and failures found in 
Malaysia school buildings in Kedah. Besides, 
contribution factors of building defects and failures 
in school buildings could be determined through 
literature review as well as the solution to that 
particular building defects and building failures. The 
sources of literature review included books, 
journals, articles, unpublished thesis and Internet. 
 
2.3 Selecting Case Studies and Site Observation 
 
There were 7 school buildings chosen as 
case studies. The selected schools were Sekolah 
Menengah Kebangsaan Aman Jaya, Sekolah Jenis 
Kebangsaan (C) Chung Hwa, Sekolah Menengah 
Kebangsaan Tunku Ismail, Sekolah Kebangsaan 
Taman Seri Wang, Sekolah Kebangsaan Seri 
Gedong, Sekolah Menengah (Persendirian) Sin Min 
and Sekolah Menengah Kebangsaan Gurun. After 
obtaining the approval from school authorities, the 
inspection work can only be carried out. Site visit to 
schools was important in order to distinguish the 
current condition of the selected school buildings. 
The reason of site observation was to simplify the 
inspection works thus saving more time. Besides, 
visual inspection will be conducted during site visit 
which helped to observe, investigate and classify 
comprehensively the existed building defects and 
failures.  
 
2.4 Interview 
 
When researching a topic, it was near 
impossible to assume every aspect on your own. 
Therefore, the researcher had to seek help from the 
outside. Interviews were basically categorised into 
three main types: structured, semi-structured and 
unstructured. In this research, semi-structured 
interview will be carried out to the person in-charge, 
technical staff or maintenance officer in each 
school. There will be an informal discussion 
between the researcher and the interviewees on the 
aspect of defects, failures, maintenance and other 
causes. This method enabled the researcher to 
discover more areas to research than previously 
thought of, as well as collect valuable and useful 
information about topics relevant to the project. 
(Holmes et al, 2009). 
 
3.0 Observation, Result and Discussion 
 
Seven schools in Kedah were selected as 
case studies. All data were collected through visual 
inspection and interview session between the 
researcher and person-in-charge, technical staff or 
maintenance officer from each school. 
 
3.1 Common Building Defects and Failures  
 
Concluded from the site observations and 
interview sessions, there are 11 common building 
defects and 2 building failures inspected.  
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 
 
 113 
 
3.1.1 Peeling Paint 
 
Peeling paint was the most common defect 
which was critically found on the building façade, 
especially on the plastered walls, ceilings, beams 
and columns. These components were consistently 
exposed to sunlight, rain, wind and dampness, 
resulting in peeling paint. The excessive exposure 
spoiled the surface of paint and thus the surface 
became chalky, flake and blistered.  Figure 1 shows 
the effect of peeling paint on wall. 
The problem of peeling paint in schools 
mostly occurred on the walls, internal or external. 
The paint on ceiling was also gradually peeled off 
due to the present of moisture. The peeled off paint 
of ceiling can be easily found on the top floor of 
buildings because the rainwater entered through 
the roof as some of the roof tiles was missing or 
blew by strong wind.  
 
 
Figure 1: Peeling paint on wall. 
 
3.1.2 Dampness 
 
Dampness in schools resulted from water 
incursion either from internal sources (e.g. leaking 
pipes) or external sources (e.g. rainwater). This 
defect became a serious problem when various 
materials in the school buildings became wet for 
extended periods of time. Besides, excessive 
moisture in the air due to poor ventilation inside the 
buildings can also lead to dampness.  
The common type of dampness found in 
school buildings is penetrating damp. Dampness 
was found on the ceiling and wall due to the ingress 
of water. The classrooms, especially on the top 
floor, were greatly affected by dampness which was 
happened to ceiling when the roof tiles were 
missing or blew by wind. The rainwater penetrated 
directly into the building itself, resulting in 
dampness as shown in Figure 2. 
 
 
Figure 2: Penetrating damp on the ceiling. 
 
Besides, dampness can arise from 
unintended water caused by leaking pipes, gutters 
and flashings. The leaking water penetrated into the 
wall, resulting in horrible water stain. Under long 
term of dampness penetration and poor ventilation 
within the building, excessive moisture promoted 
the growth of mould on the surface of wall. Figure 3 
illustrates the problem of dampness caused by 
leaking pipe, which then stimulated the growth of 
mould. 
 
 
Figure 3: Mould growth on wall caused by 
dampness due to leaking pipe. 
 
The growth of mould and fungi was an 
ordinary consequence caused by excessive 
dampness. Mould and fungi will grow when they 
gained enough moisture and nutrients. However, 
the growth of mould caused lots of problems to the 
school environment. It not only physically affected 
the appearance of the building structure, but also 
led to plenty of health illnesses to the students and 
staffs.  
 
3.1.3 Discoloration 
 
It was common to find the discoloration of 
paintwork in the inspected school buildings. Surface 
discoloration of paintwork found was in brownish, 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 
 
 114 
blackish and yellowish colour. This defect was often 
related to the presence of dampness or biological 
attack. Mould grew aggressively on the surface of 
paintwork where there was excessive moisture, 
resulting in discoloration. A simple repainting will 
not solve the problem for long. Furthermore, serious 
discoloration will lead to structural damage and 
appearance damage. 
 
3.1.4 Timber Decay 
 
Timber was widely used as a building 
material in most Malaysian school buildings, as well 
as in Kedah. However, this type of material can be 
deteriorated easily due to several reasons, such as 
aging, dampness or wear and tear. The problem of 
timber decay was mainly found on door frames, 
window frames, timber roof struts and ceiling 
battens. Those components exposed to moisture 
which was the main critical element in the timber 
decay process. While, some timber materials 
decayed because of aging, e.g. ceiling battens. 
Figure 4 illustrates the timber door frames in toilets 
suffered from the worst situation because they were 
highly exposed to water and subsequently caused 
deterioration. This type of timber decay was also 
known as wet rot. Wet rot was the most common 
type of timber decay in which the fungus feeds on 
timber; the timber must be damp or wet enough for 
the fungus to thrive and continue the rotting process. 
Timber decay occurred if the timber becomes 
sufficiently wet, with the present of oxygen and 
nutrients. 
 
 
Figure 4: Timber decay on door frame in toilet. 
 
3.1.5 Cracking 
 
Cracks happened on the various elements 
in school buildings such as walls, ceilings, beams, 
columns and even floors. There were many 
structural and non-structural cracks were found. 
Structural cracks took place in walls, beams and 
columns. However, non-structural cracks usually 
happened in plaster or other finishes with cement 
rendering. Cracking can be classified into few 
types: vertical, horizontal, diagonal and hairline. 
Figure 5 shows the horizontal crack in the beam. 
 
 
Figure 5: Horizontal crack on beam. 
 
Some parts of the inspected schools showed 
serious cracks while some only showed minor 
cracks. From the inspection, cracks in wall were in 
various directions and varying in width from fine hair 
cracks to 5mm or more. The hairline cracks in 
plaster and other finishes affected the appearance 
of the structure but fortunately did not pose any 
safety concern. There were long and continuous 
cracks across the walls, beams, columns, ceilings 
and floors. Moreover, a diagonal crack was found at 
the corner of door where the crack tip was very thin 
with increased thickness at the initial point.  
 
3.1.6 Gap and Detachment 
 
There were some visible gaps are found 
between the elements, such as walls, columns, 
beams, ceilings, door frames etc.  Figure 6 
illustrates a gap formed at the interface between old 
beam and new beam. In fact, there was a new 
building which had been connected to the original 
building. However, this new addition was detached 
from the old building, resulting in a large and visible 
gap.  
A gap was also found between the wall and 
door frames. Shrinkage and expansion of the door 
frames (timber materials) due to the atmospheric 
conditions may result in gap. Besides door frames, 
other timber materials such as ceiling battens were 
also found to have gap from the wall. In such 
circumstances, dampness may penetrate into the 
building and resulted in water stain. Moreover, 
column detached from the wall is basically caused 
by poor construction and workmanship.  
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Figure 6: A visible gap between the beams. 
 
3.1.7 Roof Defects 
 
Most of the roof systems constructed in 
each school building were pitched roof system. 
However, there was flat roof system in some school 
buildings still. Roof is an important element in a 
building as it protects the interior from the external 
weather, such as rain, sunlight and wind. Different 
types of roof covering materials were used in each 
school, such as asbestos, zinc sheets and roof tiles. 
From the inspection, the roof defects found were 
the blocked gutters, leaking downpipes, leaking 
roofs, missing roof tiles, slipping roof tiles and also 
defective soffit and fascia board. 
The causes of blocked gutters were the 
growth of plants and accumulation of leaves and 
debris. Figure 7 clearly shows two types of roof 
defects, which were blocked gutter and slipping tiles. 
The roof tiles had been put downward towards the 
gutters and the growth of plants consequently 
blocked the runway of rainwater. As a result, the 
rainwater will overflow when there was a heavy rain. 
However, the gutters were found that they are not 
constructed along during the construction stage at 
some of the school buildings. 
 
 
Figure 7: Slipping tiles & blocked gutter. 
 
Besides, the leakage of roof and the 
missing of roof covering materials caused the 
problem of dampness. Damp patches can be 
formed on the ceiling as a result of roof leakage. 
This problem was commonly found on the top floor 
of building. Some of the schools repaired 
immediately when the roof covering materials were 
missing or displaced. When the roof covering 
materials are displaced, rainwater can simply 
penetrate into the building. This will in turn spoil the 
ceiling structures. When the ceiling was broken, 
rainwater dropped directly into the classrooms, 
causing flood. This was exactly happened in one of 
the inspected schools where the top floor’s ceiling 
was damaged due to excessive penetration of 
rainwater. It thus caused flood in the resource 
centre because the rainwater dropped straightaway 
into that particular area. As a result, many books 
and furniture were damaged. When the roof was 
leaking, the rainwater penetrated directly into the 
building through the leaking roof, resulting in 
dampness after long term of penetration. The 
problems became more obvious and serious if there 
was no proper remediation. Another roof defects 
were the defective fascia and soffit board. Fascia 
and soffit boards were the boards that sit at the very 
bottom of a roof or the perimeter of the roof and 
were sometimes used as the fixing board for the 
guttering. However, fascia and soffit boards 
deteriorated due to wear and tear. Since both fascia 
and soffit boards are exposed to climate, damp 
patches were badly found. 
Rainwater downpipes are functioned to 
collect the rainwater from the gutters and discharge 
the water into the drainage system. However, 
leaking downpipes often occurred when it were 
blocked and damaged. Other than that, defective 
downpipes were also caused by the poor materials 
used and the loose joints. The consequences of 
leaking downpipes were the overflow of rainwater 
during heavy downpour, improper disposal of 
rainwater and dampness.  
 
3.1.8 Defective Plastered Renderings 
 
Plastered render was the widest used 
finishes in the school buildings. Most of the sections 
in the inspected school buildings were finished by 
plastered renderings. However, the plastered 
renderings underwent deterioration after a period of 
time. Some of the plastered renderings were 
decayed, uneven, broken and also cracked.  Figure 
8 shows the broken plastered renderings. Although 
plastered renderings tended to deteriorate with the 
increase of building age, there were still many 
damaged plastered renderings appeared just after 
the construction, mainly due to the poor 
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workmanship or low quality material. Various sizes 
of holes were also formed in the cement plastered 
rendered floor in the classrooms. Furthermore, it 
was also common to find the cracked plastered 
renderings in the school buildings.  
 
 
Figure 8: Broken plastered renderings. 
 
 
3.1.9 Termite Attack 
 
Timber deteriorated when it exposed to 
water penetration and excess moisture. Termites 
attack happened in a damp and digestible timber. 
Large amount of timber materials had been 
attacked by termites, causing the timber structures 
became soft. These materials included timber doors, 
door frames, roof struts and window frames. Some 
of the furniture was suffered from this defect as well.   
 
3.1.10 Corrosion of Steel 
 
The steel materials used in the school 
buildings were corroded. For example, the hinges, 
handrails and door handles. Red colour of iron 
oxide (rust) was obviously seen on the steel 
materials. Fundamentally, most of the steels were 
corroded due to the outdoor atmosphere. The 
atmosphere contained oxygen and moisture, which 
were the two critical elements in the corrosion 
process.  
Moreover, these components were 
frequently exposed to excessive climate, such as 
sunlight, rain and dampness, especially in hot and 
humid country like Malaysia. Their strength and 
corrosion resistance decreased gradually under 
long term of exposure. As a result, corrosion of 
steel took place. Occasionally, this defect was also 
caused by the poor maintenance and low quality of 
materials used.  
In addition, spalling of concrete was found 
with its exposed reinforcement as shown in Figure 9. 
When steel reinforcement eroded, the formation of 
rust caused a loss of bond between the steel and 
concrete and thus resulted in spalling. The integrity 
and performance of the structure can be influenced 
if this problem was not addressed instantly. 
 
 
Figure 9: Spalling of concrete. 
 
 
3.1.11: Defective Tiles 
 
Tiles were used as finishes to walls and 
floors. The types of tiles used in the inspected 
schools were ceramic tiles and homogenous tiles. 
There were only certain areas utilized the tiles as 
finishes because most areas were finished by 
plaster renderings which were cheaper. Those 
areas were the offices, cafeteria, computer labs, 
staff’s toilets and multimedia hall.  
The major problems found in the inspected 
schools were lippage, unaligned, cracked, broken 
and loose tiles. Heavy objects dropped on the tiles 
will crack and break them. Defective tiles can 
further affect the visual appearance of floors and 
walls. In brief, this defect was caused by vandalism, 
impact damage, improper maintenance and poor 
materials.  
 
3.1.12 Settlement 
 
Cracks on the lower parts of the structure 
indicated the crisis of settlement. The gap of the 
cracks was large, about 10mm as shown in Figure 
10. Besides, the cracks appeared along the wall of 
the building as shown in Figure 11. This may be 
associated with the movement of the ground 
beneath the foundations due to self-weight of the 
building. Settlement occurred where a structure is 
founded in varying ground conditions or foundation 
failures.  
Other possible causes of this problem were 
soil erosion by flowing water, changes in ground 
water level, uneven bearing capacities of soils and 
poor soil condition. There was a drainage system 
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built besides this building, however, the drainage 
culverts were broken. This in turn caused the 
leaking water move into the soil layer, and, then 
may subsequently contribute to soil erosion.  
 
 
Figure 10: Cracks on the lower part of building. 
 
 
Figure 11: Cracks along the wall of the building. 
 
3.1.13 Roof Collapse 
 
The severe failure happened in school 
buildings was the roof collapse. However, the roof 
collapse happened in schools was mainly caused 
by the natural disaster where the trees besides the 
building fell down when blew by strong wind. 
Consequently, the fallen trees collapsed the whole 
roof and some parts of the building. Figure 12 
illustrates the situation when roof collapsed 
happened to the school buildings. 
 
 
Figure 12: Roof collapsed due to fallen trees. 
 
3.2 Contribution Factors to Building Defects and 
Failures 
 
3.2.1 Climatic Conditions 
 
Malaysia is a hot and humid country where 
heavy rainfall and warm sunshine are all year round. 
This in turn causes the school buildings tend to 
weather promptly, especially the building materials 
which are exposed to external elements such as 
sunlight, rain, wind and atmospheric pollution. In 
such circumferences, problems such as dampness, 
mould growth, peeling paint, discoloration and 
corrosion can easily happen. Defects happened not 
solely caused by one factors; in fact, they are 
interlinked.   
Paintwork gradually peeled off due to 
excessive weather and this defect can be 
commonly found on the external walls because they 
are directly exposed to climate. In a tropical country 
like Malaysia, dampness is the major problem faced 
by all types of buildings. Hence, damp patches and 
water stains are broadly found on the buildings, 
especially on walls and ceilings. The common type 
of dampness in school buildings is the penetrating 
dampness.  
Furthermore, excess dampness can 
promote the growth of mould and fungi. Mould 
growth on darker and protected area is more 
difficult to be removed.  The growth of mould and 
fungi not only physically affect the appearance of 
the building structure, but also cause numerous 
health problems to its users. 
Strong wind is occasionally blown and it is 
considerably influenced on the building structure as 
well. It blows away the roof covering materials such 
as roof tiles, zinc sheets and asbestos. When the 
roof covering materials are displaced, rainwater can 
simply penetrate into the building. This will spoil the 
ceiling and thus cause flood in the classrooms. 
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Besides, trees also fell down when blew by strong 
wind, especially old trees. The fallen trees hit and 
damage the building structures and may even 
cause injury or death. The most common case 
occurred due to fallen trees is the roof collapse. 
 
3.2.2 Building Age 
 
Most of the school buildings are aged more 
than 10 years. Some of them are aged even more 
than 50 years. Basically, building defects occur 
through normal wear and tear. (Olanrewaju et al, 
2010). The longer a building is exposed to the 
atmosphere, the higher tendency for it to deteriorate. 
(Ghafar, 1994). In point of fact, all elements of 
school buildings have a tendency to decay at a 
lesser or greater rate due to aging. For example, 
timber is basically an aging building material. It will 
decay after a period of time if there is no proper 
inspection and maintenance is conducted.  
Timber is extensively used as building 
materials in most Malaysian school buildings but 
results from the inspection showed that timber 
decay is one of the common building defects. The 
problem of timber decay was mainly found on door 
frames, window frames, timber roof struts and 
ceiling battens. 
 
3.2.3 Maintenance of School Buildings 
 
Building is just like human, it will undergo 
aging naturally. If no proper maintenance is carried 
out, it will deteriorate earlier than intended. 
Buildings that neglect building maintenance may 
result in numerous defects which may then lead to 
structural failure. Educational buildings should be 
well-maintained because they are frequently used 
and occupied by students, teachers and staffs. If no 
appropriate maintenance is carried out, the 
buildings will be exposed to all sorts of problems, 
either defects or failures.  
Most of the schools do not practice 
scheduled maintenance, but carry out emergency 
maintenance when necessary, except for the 
private schools. Formally, public schools have to 
apply and wait for the allocation from Ministry of 
Education for the repair and maintenance purposes 
when problems have occurred. However, private 
schools perform their maintenance programmes 
which are more systematic. They conducted 
scheduled maintenance to every component in 
schools in order to keep those components in good 
condition. The process of obtaining allocation from 
Ministry of Education is long and complicated. Due 
to the lack of allocation, some public schools were 
unable to carry out proper maintenance. For 
instance, they cannot paint all the school buildings 
due to lack of budget, but can only repaint the areas 
where peeling paint had occurred.   
As a result of poor maintenance, defects 
such as leaking roofs, leaking flashings, blocked 
gutters and blocked rainwater downpipes usually 
happened. Those defects contribute to dampness 
and structural damage in a building. The signs of 
dampness are found on the ceilings and walls, 
especially on the top floor of buildings. These signs 
indicate the leakage and damage in the roof 
components.   
 
3.2.4 Poor Workmanship  
 
Poor workmanship can worsen the building 
quality and performance, such as poor installation 
methods, poor mixing of materials, poor handling of 
materials and poor planning. (Chong & Low, 2006). 
It is found that the tiles are not installed adequately 
during the construction stage. In other words, they 
are not aligned and untidy. Tiles are used as 
finishes, therefore, must be able to withstand the 
heavy impact acting on it as well as enhance its 
aesthetic value. However, many problems of tiles 
can be seen in the inspected school buildings, 
namely lippage, unaligned, cracked, broken and 
loosen tiles. 
Another evidence of poor workmanship is 
the defective plastered renderings. Almost all the 
school buildings are using cement plastered 
renderings as floor finishes, particularly in the 
classrooms. Nonetheless, all kinds of problems can 
be found in the school surroundings, such as 
broken, uneven and bump plastered renderings. 
This situation can be unintentionally dangerous as it 
will affect the safety of students. Students could fall 
down accidentally, results in injury.  
 
3.2.5 Building Materials 
 
The common building materials in schools 
are timber, stone, cement, steel and brick which are 
available locally. To sum up, defects and failures 
can happen due to the poor quality of building 
materials. All construction materials used must be 
in good quality. It is advisable not to use 
substandard materials to replace original designed 
materials, e.g. paint. Paint applied must be able to 
withstand the extreme climate conditions in 
Malaysia with a time frame of 5 years. Besides, the 
timber door used in toilets must be high in water 
resistance to prevent further decay, although timber 
is naturally deteriorate. 
Sometimes, it is found that the steel 
window hinges cannot function properly and most of 
the hinges are corroded. Hence, the windows in the 
classrooms cannot open. Principally, the windows 
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and doors should be open with ease and no sound 
is produced.  
Moreover, it is very important to understand 
and comprehend the characteristics and properties 
of each building materials as well as the techniques 
of installation and preservation. Somehow, the 
building materials are not compatible with each 
others. For instance, the rainwater goods such as 
downpipes and gutters must follow the designed 
specifications. The sealant used to join the 
rainwater goods must be compatible to them. It is 
found that most of the rainwater goods are suffered 
from leakage and loose joints which will 
subsequently lead to dampness problems.  
 
3.2.6 Insufficient Awareness 
 
Vandalism is one of the irresponsible 
actions that can damage the school facilities and 
infrastructures. Insufficient awareness and 
knowledge among the students are the root causes 
of vandalism. Besides, softer building materials 
often invite the cases of vandalism. The examples 
of vandalism are doodle on the walls and bash the 
doors.  
Apart from that, the consciousness of 
school authorities and students in the maintenance 
aspect is still low. They do not really alert and 
practice maintenance to look after the schools’ 
facilities and infrastructures. This results in more 
damages and problems in the building structures.     
 
3.2.7 Faulty Design and Construction 
 
Design and construction error have 
contribute to building defects and failures. All 
buildings, including school buildings, should be 
designed to support loads without deforming 
extremely. According to the experts, faulty 
construction had mainly caused collapsed of the 
buildings. Therefore, it is essential for the 
consultants and contractors to understand the 
characteristics and properties of each building 
materials, so that they can design a safe and sound 
building, regardless the type of building and building 
usage. David (2001) stated that when the failure of 
a structure occurs, builders and designers are 
responsible to analyze the destruction and 
determine if and where there were weakness in 
overall building design. 
The problems of cracks can be easily found 
on the school buildings components, such as walls, 
beams, columns and floors. A visible crack even 
appeared along the wall of a school building. In 
short, cracks are the early sign of foundation failure. 
Cracks are an indigenous, undesirable feature in 
many buildings. Some cracks are a result of wear 
and tear, while others are related to construction or 
design defects.  
 
 
3.2.8 Inadequate Supervision and Control 
 
Another contribution factor is the insufficient 
supervision and management of site operation. The 
construction works of school buildings will be 
approved by the Ministry of Education and 
conducted by affirmed contractors. During the 
construction phase, Public Works Department will 
monitor and inspect the construction progress to 
ensure the construction works follow the design and 
specifications. However, the inspection process is 
no longer strict than before.  
This scenario happened when carried out 
the testing on the concrete strength. According to 
the interviewee, the current concrete strength 
testing process taken by affirmed engineers from 
Public Works Department is totally different from 
years ago. Few years ago, the engineers will carry 
out the testing at a constant distance to check the 
overall concrete strength.  
However, the engineers now only inspect 
few locations to complete the testing. The lack of 
supervision and control influenced significantly on 
the overall performance and efficiency of 
construction projects. Although the consequence 
will not obviously see within few years time, it may 
affect the structures gradually.  
4.0 Conclusion 
 
School buildings vastly exposed to all sort 
of problems due to numerous factors. Defects and 
failures are critical as they can physically affect the 
building appearance as well as damage the building 
structure. This can subsequently affect the safety of 
the building users. Therefore, appropriate solutions 
to mitigate building defects and failures in schools 
should be carried out in order to ensure the school 
buildings do not easily fall into several defects. If 
the defects were not taken seriously, it may lead to 
structural failure. In brief, all parties such as local 
government authorities, school authorities, 
consultants, contractors and public, should be 
involved themselves in the remedial works and 
work together in order to diminish the occurrences 
of defects and failures in school buildings. They 
should have a close partnership to work mutually in 
order to form a strong and sustainable built 
environment in school. 
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Abstract: 
 
One of the methods to reduce the velocity of flood water flow across road is to design obstacle objects as 
diffuser and place it along beside road shoulder. The velocity of water flow will depends on the diffusion pattern 
of water. The pattern of diffused water will depends on the design of the obstacle objects. The main purpose of 
this study is to investigate the design of obstacle objects and their water diffusing pattern and its capability to 
reduce the velocity of the flood water flow during road crossing. Variety of design and orientation of the obstacle 
objects were tested in the environmental laboratory with a scale of 1:20. The results are classified into three 
distinguishable patterns of diffusion. Two diffuser shapes and arrangements are recommended for further 
investigations in full scale or CFD model. 
 
Keywords: Flood water flow, road, obstacle objects, diffuser, pattern diffusion, water velocity 
 
 
1.0 Introduction 
A flood is an overflow of water that submerges or 
drowns land. Cai et al. (2007) described that in 
general community flooding scenario, water level 
rise cause neighboring water bodies and some road 
segments in these areas to be flooded. When the 
water body flood reaches a water level higher than 
its normal storage level, it will flow to the 
surrounding areas. In the process, the flowing water 
interacts with roads, covering road segments. The 
primary effects of flooding include traffic 
obstruction, loss of life, damage to buildings as well 
as other road way structures. High velocity flow also 
causes damage to road pavement and other 
transport infrastructures. Mobilization of aids or 
emergency evacuation will be affected by not only 
the flooding but also the damage structures.   
 
Zhang et al. (2008) concluded that the detrimental 
impact of flooding on roadways would not be so 
easily determined. There are many impacts from 
flooding. In the United States, the Kentucky 
Transportation Cabinet (KYTC) estimated their 
June 2011 floods that impacted the state cause 30 
million in damages to the state’s roadways, future 
flooding events will lead to further monetary costs 
and impair the operational structure integrity of the 
state’s roads (Mc Cormack et al., 2012). The loss of 
critical infrastructure produces negative effects over 
the short-term and long-term. 
 
The primary effects of floods are those due to direct 
contact with the flood waters. Water velocities tend 
to be high in flood roadway crossing. The high 
velocity flood water that cross roadway 
consequently resulted in difficulties in mobilization, 
damages to vehicles and road structures as well as 
endangering people’s life. Furthermore, flood water 
could sweep people and vehicle away and also 
cause traffic congestion. The high velocity of water 
flows can be diffused by suitable object / structure 
for safer crossing and preventing damages to road 
structures. There must be a method to decrease the 
energy and velocity of flood water during road 
crossing. The method must slow down the flow of 
water to allow for smooth mobilization and to 
prevent damages. 
2.0 Methodology 
Methodology used in this study was a lab 
experiment. The experiment was conducted in the 
laboratory using lab equipments and data was 
collected through observation. The lab experiment 
was conducted in environmental lab that was 
monitored by two of staffs. The apparatus used in 
this experiment were water flow table, water color, 
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adjustable stand, camera and double cello tape to 
represent the shape and size of 2D obstructing 
objects. The apparatus were set up as in Figure 1. 
 
Figure 1: Test Setup 
Before doing the experiment for actual observation, 
pilot tests were done. The purpose of the pilot test 
was to help in finding some possibilities for the 
improvement before the real experiment is 
conducted. It was also to obtained typical water flow 
pattern as a result of the obstructing objects. This 
will help to ensure that the experiment can be 
conducted smoothly and will produce high quality 
meaningful results.  
Three pilot tests using the scale of 1:50, 1:30 and 
1:20 were carried out. The dimensional 
arrangement of the road surface for water flow 
simulation is as shown in Figure 2 below: 
 
 
Figure 2: Water flow simulation 
The 1:20 scale was finally chosen as the 
experimental scale because it gave the better 
presentation of diffusing effects.  Tapes were 
carefully assembled on the water flow table for each 
test and the diffusing patterns were recorded by 
video camera. 
The road shoulder and road are marked by the cello 
tape. The road shoulders are marked to represent 1 
meter at site and the road are marked to represent 
3 meter at site. Figure 3 show how the cello tape as 
diffuser model are fixed on the flow water table.  
 
Figure 3: diffuser model fixed on flow water 
table 
Video observations were made for every test and 
the patterns were identified. The camera was 
securely held by an adjustable stand vertically 
above the table to record flow pattern to be 
analyzed and classified later. Figure 4 shows the 
position of camera to record the video of the 
experiment. Notice the diffusing objects just below 
the camera. 
 
Figure 4: Position of camera to record video 
As the shape, size and arrangement of the various 
obstructing objects are expected to influence the 
diffusing capability of the systems, 18 such cases 
were established for testing. The experiment were 
conducted using the 18 pattern and size of diffusers 
as shown in Table 1 and the result were obtained 
by observing the outcome of the experiment by 
video. The diffusing pattern varies with the shape, 
orientation and size. The maximum size of diffusing 
object is 1 meter to scale of 1:20.  
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Table 1: Diffusing Objects and Pattern 
 
3.0 Result and Discussion 
Based on the pilot tests carried out to identify 
diffusion patterns, two major characteristics of the 
diffusing water were identified and used as criteria 
for classification. The first characteristic is the 
“wave like” flow created by the obstructing object 
indicated that the water flow is being slowed down 
as it travels longer from one point to another. This 
include how long the wave like form remains while 
crossing the road. In some case, the wave 
diminishes before it reaches the other side of the 
road. In addition, there is also the amplitude of the 
wave in which higher amplitude indicating longer 
travel path.  
 
The diffusing pattern can be divided into three 
categories. The first category is described as the 
diffussion pattern (wave) of the water  flow after 
passing through the diffuser  model occurred until 
the road shoulder across the road. The amplitude of 
the wave are maintain the same until the end of the 
road shoulder. Figure 5 and 6 shows one of the 
result categorized as category 1.   
 
Figure 5 : Diffusion Pattern Cat 1 
 
Figure 6 : Diffusion Pattern & Wave Amplitude 
Cat 1 
The second category is described as the diffussion 
pattern (wave) of the water  flow after passing 
through the diffuser  model occurred until the 
middle of the second lane and become straight to 
the end of road shoulder . The amplitude of wave 
remain similar until it diminished into straight line 
again. Straight line flow similar to the flow before 
the obstruction is considered high velocity flow. 
Figure 7 and 8 shows one of the model classified in 
category 2. 
 
Figure 7: Diffusion Pattern Cat 2 
 
Figure 8: Diffusion Pattern & Wave Amplitude 
Cat 2 
Category 3 is described as the diffussion pattern of 
the water is very little based on the smaller and 
shorter “wave like” flow created after the obstruction 
model. In this case the flow became straight again 
at the begiining of road crossing or no significant 
change in its flow pattern (straight flow). The 
amplitude of the wave are also small. Figure 9 and 
10 shows the diffuser model that classified as 
category 3. 
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Figure 9: Diffusion Pattern Cat 3 
 
Figure 10: Diffusion Pattern & Wave Amplitude 
Cat 3 
4.0 Conclusion and Recommendation 
Out of the 18 obstruction patterns, two patterns can 
be considered as the pattern with the most capable 
of reducing water flow velocity. Figure 11 and 12 
shows the recommended model that gave good 
effect on reducing the velocity of water flow across 
the road. They are two of the shape from category 
1. This is because these object arrangement 
produced wave diffusion pattern until the end of 
opposite road shoulder and have high number of 
wave amplitude. The longer distance of the wave 
diffusion, the more velocity is being reduced. The 
higher number of wave amplitude, the more velocity 
reduces. 
 
Figure 11: Recommended Diffuser 1 
 
Figure 12: Recommended Diffuser 2 
The two diffuser shape and arrangement can be 
graphically illustrated as in the following Table 13. 
 
Table 2: Recommended Pattern and 
Arrangement 
Shape and 
Pattern 1  
Shape and 
Pattern 2  
 
It is recommended that the study of these two types 
of arrangement be carried out in a 3D environment 
where water pressure and velocity can be 
measured across the roadway. It is also 
recommended that a similar modeling to be done 
using suitable Computational Fluid Dynamics 
software to verify current findings as well as to 
better setup a 3D physical model or full scale 
investigations. 
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Abstract: 
 
Passive cooling is one of the technologies or designs to cool a building without the electricity and it saves more 
energy. This technology has grown along with the changes in society that emphasizes sustainability and 
environmental stewardship. Malaysia is greatly influenced by sustainability ideals since the concept was 
disseminated worldwide in recent years. Passive cooling technology system is a new technology that is brought 
in line with the concept of sustainability and its demand are constantly rising. However, the increased usage 
rate of this technology is still small compared to other developing countries. There are many problems in the 
application of passive cooling technologies. These problems can be identified in various stages of a 
construction process especially in construction costs and investment. Next, the problem is also associated by 
the design stage of a building that uses this system. It is proved difficult to design and it requires a lot of 
research and development to implement the system to the fullest. In addition, the construction stage also faces 
problems in the installation of all passive cooling system and which is influenced by the environment in the 
context of consciousness. This study reveals that initial cost and knowledge of the systems are the hindrance.  
More study need to be done to minimize the cost and increase the level of awareness among the practitioners 
and the public. 
 
 
Keywords: Cost, investment, difficult to design and construct, awareness 
 
 
1.0 Introduction 
 
Weather is the most important aspect of 
nature. Without it, people will not be able to live as 
we rely on the weather for daily activities. There are 
many types of weather conditions that such as the 
rainy season, hot, cold and others. Malaysia 
experience hot humid weather throughout the 
country that received direct sunlight and rainfall 
every year.  This type of weather has influenced the 
lifestyle of the Malaysian. As mentioned earlier, the 
weather greatly affects human life, including 
building construction sector. 
 
Hot-humid weather is very influential to 
human life. In context of construction, it influences 
the design and system for building construction. In 
order to cater with the hot humid weather in this 
country, the designer, especially architect and 
engineer are required to design a proper cooling 
system to provide suitable condition in the building. 
The cooling system is very important in a building 
because it affects the comfort zone of a building. If 
a building does not have a good cooling system, the 
occupants will not feel comfortable to reside in the 
building. 
There are two types of cooling technology 
that are used in order to achieve optimal thermal 
comfort in the building which are the active cooling 
system and the passive cooling system. Active 
cooling system is the system that uses energy like 
electrical energy to decrease the temperature and 
release heat from the building. The passive cooling 
technology uses less or does not consume any 
energy at all. It controls the environmental and 
internal loads for maintaining indoor thermal 
environment within comfort rang 
 
 Passive cooling is one of the methods to 
reduce energy consumption which also assist in 
reducing environmental pollution. Many people 
prefer more sustainable concept such as the 
passive cooling. Technology can reduce electricity 
consumption in time to be long even though the 
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initial cost is higher. However, the increased usage 
of this technology is very low compared to other 
developing countries. This study will examine the 
barriers in using passive cooling. 
 
2.0 Methodology 
 
In order to get the information about the barrier in 
implementation of passive cooling, a survey was 
made by using questionnaires method. The 
questionnaire design was derived by using the 
information from the literature review of past 
research regarding implementation of passive 
cooling in construction industry.  
 
In order to acquire information about the barriers in 
implementation of passive cooling, questionnaires 
were distributed to construction companies that are 
highly influenced in the construction sectors. 
Questionnaires were distributed to 12 respondents 
for each party which consists of developers, 
architects, engineers, contractor and suppliers 
around Penang and Kuala Lumpur. It is due to the 
rapid development within these areas and many 
samples can be used as references. 
 
The second source of data is mainly gathering from 
literature researches. Several literatures including 
books, articles, master theses and doctoral 
dissertations regarding various types of energy 
efficient and sustainable buildings, and passive 
cooling are reviewed. Moreover, related websites 
such as governmental and organizational reports 
and as statistics were collected in order to acquire 
information about the current situation of energy 
saving efficiency in buildings and passive cooling.  
 
All the data and information are collected and 
analysed. The main problem for data collection 
process is there is only little information that can be 
obtained since only few researches on passive 
cooling has been conducted 
 
3.0 Results and discussions 
 
After analyzing the questionnaires, the student 
found there are many obstacles in the use of 
passive cooling. Responses given by the 
respondents are based on different types of jobs, 
education level and the experiences in construction 
industry. Hence, many of the opinions are varied in 
nature. 
Cost 
Cost is one reason for the passive cooling system 
utilisation rate is still low in Malaysia. In certain 
circumstances, the cost for the building that uses 
passive cooling system is almost 30% higher than 
buildings without it. This has caused many of the 
parties involved in the construction industry ignore 
this concept. There are many reasons why the price 
of cooler buildings us more expensive materials 
than ordinary buildings.  
 
Figure 1: Factor in context of cost 
 
After several studies and surveys were conducted, 
it is found out that the cost for expensive design 
and construction materials is the main reason why 
most parties do not prefer this concept since it 
requires a lot of research on the building 
environment. Passive cooling in buildings are very 
expensive because it requires professional workers 
and materials are that are more expensive.  
This statement is supported by conducted in which 
skilled workers and expensive building materials 
were ranked third and fourth. In addition, the high 
fees of professional workers for the installation of 
passive cooling also increases the construction cost 
of a building.  
Based on the Figure 1 above, investments for 
passive cooling of buildings is the second highest 
obstacle in the use of passive cooling in buildings. 
In the construction industry, investor is the most 
important parties because they provide financial 
elements to carry out some development within the 
area. It makes them as the main player in certain 
construction industry because they practically the 
concept of the buildings.  
Normally, certain investment must provide 
higher profit to the investor than the construction 
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cost. However, investors are not confident with the 
profit margin if passive cooling system were to be 
installed in a building. Therefore, they would not 
dare to take the risk in investing for buildings 
equipped with passing cooling system. 
Knowledge 
Proper set of knowledge is vital since a system 
cannot be implemented such as the use of passive 
cooling in buildings without certain skills and 
knowledge. As we know, the usage rate of passive 
cooling in the construction sector in Malaysia is still 
comparatively low. It is due to the lack of exposure 
regarding this system 
1. Lack of Expertise 
Construction and design of buildings for 
experienced employees in the area is vital. In the 
context of employees’ expertise, mainly in 
construction domain, the number of experts is low 
and causing them very high cost. This has 
contributed to the reduction of passive cooling 
implementation. 
According to a survey made of, shortage of 
specialist workers in the industrial sector is due to 
companies which do not send employees to have 
proper training courses for skills improvement of 
employee. This is because of the high cost requires 
to send employees for training courses. 
Moreover, this problem is also due to the influx of 
foreign workers in the construction sector. They do 
not know about the installation and construction of 
passive cooling without proper training. Lack of 
training courses on passive cooling also contributed 
to the lack of skilled workers that knows on how to 
install. This will cause them to appoint experts from 
overseas’ companies which will generate higher 
cost. 
 Figure  2: Causes of lack of expertise 
2. Exposure on Passive Cooling Concept 
Initial exposure to the concept is very important to 
attract interested parties. The uses of concepts are 
more prominent before a disclosure can be made 
The study found that most respondents disagreed 
with the statement that they did not have time to 
learn the subject. This is supported by the mean 
index created from survey made that acquired the 
value of 2.93.  
Table 1: Exposure according level of knowledge 
 
From the analysis, there is other information that is 
useful in conducting data analysis. In the findings, 
respondents with a diploma have higher rates of 
agreeing with the questionnaires. 
Figure 3: Diploma respondent upon exposure 
 
It is true since most of the respondents that has 
only diploma level agreed with this statement. 
This is due to the certain statement that the diploma 
education level is not suitable to be given early 
exposure on passive cooling as they are considered 
as less competent with people of higher education 
level. 
3. Awareness 
There is a wide variety of concepts that 
were introduced to the public to ensure the 
sustainability of the environment. However, the 
Level Very 
Disagree 
Disagree Moderate Agree Very 
Agree 
 1 2 3 4 5 
Diploma  2 2 9 8 
Degree 6 12 7 2 1 
Master 4 3 2 1  
Phd  1    
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level of public awareness in Malaysia is still low for 
the exposure of the passive cooling and its 
advantages. 
From the study, it is found that the level of 
public awareness on the importance of passive 
cooling and its effects on the environment is 
comparatively low. To ensure that the use of 
passive cooling, we have studied the parties 
responsible for introducing the passive cooling 
concepts and its importance in the community 
Figure 4: Responsible parties 
 
From the data analysis, it is found out that the 
government plays the most important role to 
increase public awareness of the system. 
Awareness campaigns should be held by the 
government to ensure that the message can be 
conveyed to the public. 
4. Conclusion 
Construction in Malaysia are enhance day by day. 
But the rate of the enhancement is still low 
compared to other developing countries that apply 
the passive cooling technology in building. There 
are many obstacles that have been identified after 
the study was conducted. Cost and knowledge of 
the systems are the hindrance.  More study need to 
be done to minimize the cost and increase the level 
of awareness among the practitioners and the 
public. 
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Abstract 
 
As we know, buildings will be worn-out, dilapidated and dirty as time goes by; but with good maintenance 
management we can at least prolong the life-span of building longer as well as provide the building services and 
keep the building performance at it ultimate level. The importance of carrying out a systematic and routine 
maintenance is to conserve building performance. However, this task is often neglected due to various factors 
including due to misunderstanding on the needs of the maintenance works itself and budget allocated.  Thus, 
the purpose of the present study was to evaluate the level of maintenance management and quality of services 
in office buildings.  This study also sought to answer the following question to determine the basic approach of 
maintenance management system used for office buildings. In the end of the research, the research will come 
out with recommendations for the improvement of existing maintenance management system in order to 
increase the level of quality services and building performance of office buildings. This paper intends to highlight 
the current practice of maintenance approaches that are being implemented in 6 office buildings located in 
Kuala Lumpur, Johor, Kedah and Pulau Pinang as each building has its own unique character and different 
needs. The findings for this research are summarized from the responses of questionnaire directing to the how 
current scenario on the approach taken for the implementation works on these buildings affects occupants 
satisfaction answered by 150 respondents employed from these selected offices. Besides, the methodology for 
this research also is based on personal interviews and visual inspection to support data obtained. The outcome 
of this paper later would be used as additional basis for formation of the best maintenance program for office 
buildings in Malaysia.  
 
Keyword: Maintenance management, Satisfaction, Repair, Office  
 
1.0 Introduction 
 
All buildings need proper maintenance 
management hence the knowledge about building 
maintenance in this regard is very important 
especially during the diagnosing and building 
analysis works. In general, maintenance means to 
hold, keep, sustain or preserve the building or 
structure to an acceptable standard, in which 
acceptable standard is defined as one which 
sustains the utility and value of the facility. While 
maintenance management should properly be 
regarded as describing how a system of 
maintenance effort could be organized to deal with 
the problems of building maintenance as whole. It 
will involve systematic approach in planning, 
organizing, monitoring and evaluating 
maintenance activities. This also means that 
financial considerations and techniques also play a 
vital role in enacted a good maintenance 
management. A good maintenance management 
is able to preserve an office building in its initial 
stage, as far as practicable so that it effectively 
serves its purpose. Hamilton & Wan Salleh (2011) 
stated that systematic management and 
continuous maintenance works are necessary for 
mitigating the decaying process that will lead to 
unsafe condition. 
Some of the main purposes of maintenance 
works for the office buildings are to retaining value 
of investment of property and to presenting a good 
appearance. Therefore, this research aimed for 
the maintenance management system for office 
buildings which is the best practicable for the office 
buildings in giving an ultimate satisfaction to the 
occupants. 
Nowadays, people spend more time in 
their workplace. Due to this matter, this research 
chose the office building because satisfaction of 
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the occupants with workplace environment is very 
important. One of the significance of maintenance 
management is it can affect occupants satisfaction 
on building performance where it can offer the 
occupants a positive environment which 
consequently will contribute to the productive and 
healthy life style. Furthermore, offices with good 
maintenance also offer good opportunity to the 
owners to be a success in their business. A good 
presentable office can leave a positive impression 
and build trust in clients that will lead to the 
increasing of investments in the company. 
However, maintenance does not only refer to 
hygiene, but also cover services of building and 
ensuring them to be fully functional and effective.  
Therefore, to achieve good condition of 
building either in fabrics, system and services, the 
schedule of maintenance and related elements 
must be of concern and well planned. Referring to 
Malaysia’s Prime Minister, Datuk Seri Abdullah 
Ahmad Badawi, billion of ringgit has been spent 
and wasted in repairing public buildings due to 
Malaysia’s poor maintenance culture (2001). This 
is such a waste because if the defects were 
spotted earlier and rectified, it will not develop into 
big problems and cost more money. 
For this research, the main aim is to 
evaluate the maintenance management in small 
office buildings. An office is generally a room or 
other area where people work, but may also 
denote a position within an organization with 
specific duties attached to it. Work spaces in an 
office are typically used for conventional office 
activities such as reading, writing and computer 
work. For this research, type of work space chose 
is team space. Team space is defined as a semi-
enclosed work place for two to eight people, 
suitable for small an office which demands 
frequent internal communication and a medium 
level of concentration. 
In order to carry out this study, 6 small 
offices were selected. These buildings are Selakta 
Indah Enterprise, Baling Bayu Engineering (M) 
Sdn Bhd,  AMStrack Sdn Bhd, One Community 
Worlwide Sdn Bhd, Azizah Enterprise and SA Lee 
Architect Sdn Bhd. These offices respectively 
located at different states in Malaysia, covering 
state of Kedah, Pulau Pinang, Kuala Lumpur and 
Johor. These offices also respectively have 
meeting space and support spaces (such as filing 
space, storage space, print and copy area, pantry 
area, break area and etc.) 
 
2.0 Literature review 
 
Term of building can be refers to one of the 
following as any human-mad structure used or 
intended for supporting or sheltering any use or 
continuous occupancy  OR   an act of construction 
(i.e. the activity of building). One type of building is 
office buildings. For office building, it can be 
defined in many aspects as following: 
1.  as a building used for professional or clerical 
purposes, no part of which is used for living 
purpose (McGraw-Hill, 2003) 
2. a structure primarily used for the conduct of 
business such as administration, clerical 
services, and consultation with clients and 
associates. Such buildings can be large or 
small and may house one or more business 
concerns (Barrons, 2007)  
To summarize list of definition above, it 
can be conclude that office buildings can defined 
as a room or space in a building that provide a 
suitable environment for office operations, 
administration and management work. It can be in 
any size depending on type of usage and purpose.  
While building maintenance can be 
defined as that which is taken from the ground 
tends to return to the ground (Ellis, Hutchinson & 
Barton, 1975). It seems true and legit; this 
statement of fact does explain why some form of 
maintenance is required to sums up the problem of 
deterioration and the care needed for its 
prevention. Building maintenance plays important 
role in maintaining and keeping buildings in 
satisfactory condition. Neglecting the maintenance 
has accumulative results with rapidly increasing 
deterioration of the fabric and finishes of a building 
accompanies that will cause harmful effects on 
building contents and occupants. Below are the 
different definitions of maintenance by previous 
people to explain and elaborate the purposes of 
maintenance by defining the term of maintenance: 
1. a combination of any actions carried out to 
retain an item in or restore to an acceptable 
standard (British Standard BS 3811, 1964) 
2. maintenance can be defined in varies 
among agencies. In the physical sense, 
maintenance consists of a set of activities 
directed keeping a structure in a 
serviceable state (Has, 1978) 
3. the Committee of Building Maintenance in 
British defined maintenance as; Work 
undertaken in order to keep or restore or 
improve every facilities, i.e every part of 
building, its services and surrounds to a 
currently acceptable standard, and to 
sustain the utility and value of the building 
facility (Mills, 1980) 
4. maintenance involves routine work 
necessary to keep the fabric of a building, 
the moving parts of machinery, etc. in good 
order (British Standard BS 7913, 1992) 
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5. a combination of all technical and 
administrative actions, including supervision 
actions, intended to retain an item in, or 
restore it to a state in which it can perform a 
required function (British Standard BS 
3811, 1993)  
 
2.1 Roles of building maintenance in office 
building 
 
Maintenance includes the costs of 
regular custodial care and repair, annual 
maintenance contracts, and salaries of facility staff 
performing maintenance tasks. Replacement items 
of minor value or having a life of less than five 
years are included as a part of maintenance i.e. 
replacing light bulbs and repainting are normally 
included under the maintenance category (Kirk 
and Dell’Isola, 1995). It may be more descriptive to 
describe the latter work as “running maintenance”, 
together with other work such as cleaning floors 
and windows, replacing broken tiles, etc.; 
Maintenance always a must for any 
structure in order to maintain it ultimate 
serviceability and to prevent deterioration that may 
shorten the quality services life of building. In 
reality, maintenance works are not about given 
attention only but as well as having budgeted 
allocate for maintenance works which seldom be a 
prior consideration. However, it is a fact that 
maintenance is the most important and the activity 
to be carried out to prolong or at least maintain 
serviceability of structure until the end of its 
service life (Ahmad, 2002) 
 
2.2 Building maintenance activities: 
 
The preservation of a building may include few 
activities includes cleaning, inspection, repairing 
and replacing the building’s various system and 
components.  Certain key aspects can be drawn 
from the above list, namely: 
1. Maintenance involves actions that must be 
performed. 
2. Maintenance work must be carried out 
regularly. 
3. All of these actions have financial 
implications for the owner or organization. 
4. An understanding of the performance of the 
components that need to be   
maintained is essential in order to keep 
them up to an acceptable standard. 
  
However the task of maintenance is defined, it 
needs to be executed in an organized fashion 
(Melvin Syce, 2006) 
 
3.0 Research methodology 
 
There were 6 office buildings chosen for this 
research. All buildings are located within the Pulau 
Pinang, Kuala Lumpur, Kedah and Johor area.  
 
3.1 Research instrument 
 
In sequence to conduct this paper a few 
procedures are followed. The first method used in 
this research is literature review from previous 
data such as websites, journal, eBooks, articles, 
reports and dissertation. The second method is by 
the visual inspection. The purpose of visual 
inspection is to gather any information based on 
external factors that may help in publishing this 
journal, which may not get from first method and 
third method. Other than this, unstructured 
interview was carried out to each offices’ 
representative and workers in these buildings to 
get the necessary data regarding the needs of 
maintenance and repair in offices and how it affect 
occupants satisfaction.  
 
3.2 Research Samples 
 
Firstly, 150 respondents were chosen to 
answers 35 questions from questionnaire. The 
respondents are from workers and users whom 
directly or indirectly attached in these 6 selected 
case studies. Secondly, the selection of the 
research samples is based on the information 
obtained from the offices representative based on 
their data-base such as reports regarding the 
details of maintenance, repair and renovation that 
undergo in their building as well as visual 
inspection carried out by the researcher.  
 
3.3 Criteria for the selection of respondents 
 
The respondents are chosen based on 
their involvement in maintenance management 
such as facility management or workers who 
directly facing the problems in using any parts of 
the building either in services or performance of 
any parts of the building.  
 
4.0 Findings and discussion 
 
4.1 Questionnaires Analysis 
 
4.1.1 Satisfaction level with maintenance 
management in the office on 
implementation of maintenance works : 
 
According to Table 1, data analyses for 
implementation work on external wall, internal wall, 
windows repair, electrical installation, door, air 
conditioning system, lighting system, firefighting 
system and external building cleanse, the 
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respondents totally agreed with the quality of 
maintenance management in these elements. The 
mean index are lies in between 4.50 to 5.00. While 
for ceiling, sanitary, building structure, floor 
surface and internal building cleanse, toilet 
cleansing and finishing the respondents are agree 
to show their satisfaction level towards 
maintenance management in these element, the 
mean index here are lies in between 3.50 to 4.50 
except for toilet cleansing element only, 
respondents satisfaction level is in 
neutral/undecided, with the mean index value 
between 2.50 to 3.50.   
 
Table 1: Data interpretation of understanding/ 
agreement based on respondents answers 
 
Indicator Mean Index (MI) 
Totally Disagree 0.00-1.49 
Disagree 1.50-2.49 
Neutral/Undecided 2.50-3.49 
Agree 3.50-4.49 
Totally Agree 4.50-5.00 
 
4.1.2 Satisfaction level with implementation 
of maintenance on delivery 
characteristics 
 
This section discusses on the respondents 
satisfaction level on delivery characteristics of 
services in their workplace. We can see based on 
respondents answer, delivery characteristics on 
information given on progress of repair work and 
time taken to complete repair work both are fall 
under neutral or undecided, while for standard 
workmanship, overall quality of services provided 
and general condition of building operation system 
is in agree standard. 
 
4.1.3 Opinion in improving maintenance 
management in office building 
 
As we can see based on occupants view on 
improving all elements; office planning and 
scheduling, the types of planning and schedule 
used response on emergency defects. Overall 
satisfaction of maintenance works and needed in 
hire professional maintenance manager in office 
are fall under agree level, and the least number of 
mean index was 3.86 which fell under the 
elements of overall satisfaction of maintenance 
works. The data interpretation can be referred to 
Table 1. 
 
 
 
4.2 Visual Observation and Interview 
 
4.2.1 Ceiling repair 
 
All the 5 offices have a good quality of 
ceiling except Baling Bayu Engineering. Baling 
Bayu Engineering’s ceiling is not in very good 
condition. All of the offices used the dropped 
ceiling type. Dropped ceiling is often a secondary 
ceiling; it is hung below the main (structural) 
ceiling. Based on interview done with Cik Hazwani 
from Baling Bayu, the ceiling is in bad shape 
condition because it is in an old building, 
approximately more than 40 years. According to 
her, so far no ceiling fell down although we can 
see from Figure 1 of the ceiling sheet is loose. 
 
 
Figure 1: Ceiling in Baling Bayu Engineering sown 
the loose sheet of ceiling 
 
4.2.2 External building cleanliness 
 
 
Figure 2: External cleanliness at Azizah 
Enterprise 
 
During visual inspection, in office Azizah 
Enterprise the external cleanliness is in bad 
(Figure 2). The stairs up to this office was smelly 
and have animal feces in a few places. Apart from 
Azizah Enterprise, there are no offices that have 
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bad external cleanliness. From the interview with 
each of offices representative, all the external 
building is operated by cleaner from Majlis Daerah 
since all of the offices located in Majlis Daerah 
buildings. For this building according to Cik 
Hidayah, every 2 days, the cleaner will come to 
clean this place. 
 
4.2.3 Lighting system  
 
For lighting inside the offices, there were 
no problems. The lighting is good enough for 
occupants to do their work, but for corridors it is bit 
dark and dangerous. For SA Lee and AAM Strack 
Sdn Bhd office, it may quite dark and can be 
dangerous especially at night and for female 
workers (Figure 3).  These offices administrative 
should consider this matter by adding few more 
lamps to increase the lighting in this area for 
safety.  
 
 
Figure 3: Dark stairs to SA Lee 
 
4.2.4 Toilet cleansing 
 
All offices have good condition in the 
toilet except Baling Bayu Engineering. The toilet 
floor have not been clean regularly, so there are 
mould in floors that can be dangerous to the 
occupants 
 
4.2.5 Floor surface repair 
 
As far as researcher observation, all 
offices have good maintenance on floor surface 
repair. There is none broken or spalling concrete. 
Most of offices used carpet to avoid from damage 
floor and for comfort purpose. There is no 
unevenness or floor bulging that can make 
occupants from fall down. 
 
4.2.6 Door & Window repair 
 
All door and windows are in good 
condition for all offices except for Azizah 
Enterprise. The type of door used in Azizah 
Enterprise is sliding door, unfortunately the door 
have been broken and cannot be slide smoothly 
and always stuck. According Cik Hidayah, they 
have called door mechanic to repair the door but 
the problems keep recurring. The problem 
occurred might be because of age of the door and 
the way occupants handle the door.  
 
4.2.7 Electrical installation, air conditioning 
system, firefighting system 
 
For these elements, based on 
observation all electrical installation was working 
very well. This included the air conditioning system 
and fire fighting system. For electrical installation, 
all socket and plug are in good condition, where 
there is none broken socket or plug. Besides, all 
offices representative agreed that their offices did 
not have any blackout caused by over usage. For 
air conditioning system, all offices have set the air 
conditioning system temperature range of 22-
28oC.  This temperature according to them is 
favorable temperature and comfortable for them to 
do work because nowadays the external 
temperature is quite high.  While for firefighting 
system, all signage has been located in correct 
place, for example emergency way signage 
located at stair and door’s frame at top. The hose 
and sprinkler also have been located and installed 
to prevent the fire from spread or at least to control 
the fire before firefighter arrives. 
 
5.0 Conclusion and Recommendation  
 
This paper summarizes the findings of 
the basic approach on the level of maintenance 
management system undertaken for selected 
office buildings in Kedah, Johor, Pulau Pinang and 
Kuala Lumpur as well as to evaluate the quality of 
services in offices building. The case study result 
is indicated that maintenance approach 
undertaken for offices building in Malaysia still 
needs a lot of improvements. Based on the 
questionnaire survey most of respondents are 
satisfied with the state of maintenance of their 
offices. It may found that the major issues 
contributing to the lack of a proper maintenance 
program in office building are as follow: 
 
1.   The absence of the professional maintenance 
management in offices especially in small 
offices such as scheduling or planned 
inspection concerning the services systems, 
building fabrics or the structural or non-
structural elements. Most of the offices 
administration preferred to outsource the 
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maintenance work or repairing works to 
external contractors.  
2.   With the lack of budget allocated for 
maintenance work, offices administrations 
prefer to do corrective maintenance approach 
rather than preventive maintenance. Based on 
interviews conducted with each of offices 
representatives, the budget allocated for 
repairing and maintenance works are not 
sufficient and is very limited.   
 
From the survey, we can conclude that most 
occupants in the selected case studies are 
satisfied with their maintenance management on 
buildings elements as well satisfied with delivery 
characteristics of maintenance works. However, 
visual inspection on some of elements shows that 
they are not in a good condition. In order to 
improve maintenance management, the following 
are some recommendations made to the existing 
system: 
 
1.      Prepare a guideline and established 
maintenance plan as a standard guideline in 
building that will assist the maintenance 
schedule and planning 
2.       When maintenance works or repairing in 
progress, experienced contractors should 
provided information regarding the defects 
to the building users so that they can gain 
some knowledge regarding maintenance 
works, the significance of maintenance and 
how to prolong the life of services, fabrics 
and building performance in the correct 
manner of using facilities.  Building users 
should be encouraged to report quickly and 
when they detect defects in building 
elements. 
3.      Develop a service desk where it is easier 
and the fastest way for occupants to report 
and complain any dissatisfaction towards 
building defects or nonfunctioning elements 
of the services 
4.       Selection of external contractor; it should 
based on expertise. Repair and 
maintenance work by general contractor 
may not adhere to the required standard due 
to lack of expertise and experience which 
will cause building devaluation. 
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Abstract: 
 
A qualitative study was conducted to investigate the contractors’ attitude towards enhancing the safety 
performance in construction site. Despite the fact that there are many safety initiatives established by the 
government, the rates of accidents are still in a critically high condition. Thus the purpose of this research is to 
study the contractors’ attitude towards enhancing the implementation of safety management system in 
construction site in order to increase the safety awareness of construction practitioners in construction site and 
improve the safety condition of construction sites. This study is conducted through oral interviews with the 
construction practitioners, and visual inspection of construction sites. The attitudes of contractors are evaluated 
from 3 aspects: Contractors’ efforts in implement and enforce the safety rules, Contractors efforts in overcoming 
the rate of accidents, and Reasons given by the contractors for not implement safety law.  
Keywords: construction safety, attitudes, safety management system, initiatives 
 
1.0 Introduction 
 
The construction industry is important for its 
contribution to the development of the country. At 
the global scale, the construction industry is vitally 
important because of its mega size and huge 
output, which underpin various economic activities 
and contribute to the delivery of social and 
environment objectives of a nation (Health and 
Safety Executive, 2009). Although it is important, 
the construction industry is considered as the most 
hazardous and unsafe industries.  Construction 
accidents and failures are common incidents in 
almost every construction site. The rate of fatalities 
and accidents in construction industry are 
considerably higher across all others industries 
(Health and Safety Executive, 2009; H. Lingard, S. 
Rowlinson, 2005) such as mining & Quarrying 
sector, trading sector and electricity, gas, water & 
sanitary services (Labour and Human Resources 
Statistics， 2008).  
Accidents can occur at can anytime in 
construction site: before work begins, during site 
survey and investigation of a project, and even after 
the construction is completed. The victims are not 
only the workers on site, but also the people who 
are not employed in the site including the passer-by 
or local tenant were killed and injured in 
construction sites because of the construction 
activities. V. J. Davies, Ken Tomasin, 1996 states 
that, in the construction industry the risk of major 
injury is almost twice that for manufacturing and the 
risk of a fatal accident nearly five times greater than 
in the manufacturing industry. Therefore, it is 
necessary to take several initiatives to manage its 
safety condition and improve its safety 
performance.  
The government sector has taken several 
initiatives to improve the construction industry 
safety performance, such as the establishment of 
Occupational Safety and Health Association 
(OSHA), National Institute of Occupational Safety 
and Health (NIOSH) and Construction Industry 
Development Board Malaysia (CIDB). Construction 
sites safety condition can be improved by adhering 
strictly to the safety rules and regulations which are 
written in safety manuals. The construction 
practitioners also need to possess positive working 
attitudes and high safety awareness towards 
enhancing the safety management system.  
 
2.0 Methodology 
 
The purpose of this study is to investigate 
the contractors’ attitude towards enhancing the 
safety performance on construction firms in Penang 
Island. The study is carried out by conducting 
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interview with related construction practitioners and 
visual site inspection.  
The qualitative research method of 
interview was chosen in conducting this particular 
study. The respondents were selected using 
purposive sampling (Silverman, 2001). Purposive 
sampling method was chosen because the targeted 
samples fit a specific requirement and 
characteristics. Six respondents are selected from 5 
construction sites in Penang Island. The 
respondents were selected among the employees 
in those construction sites such as contractors, site 
supervisors, labourers and safety and health 
officers. They have a few years of working 
experience in the construction industry. The 
sampling method also enabled the researchers to 
select the respondents from a different positions 
and background. This allows the researchers to 
collect a comprehensive understanding of a working 
behaviour under different contexts and pressure.  
The interview questions were designed 
based on the elements of the safety factors. They 
were designed to be simple, brief and easy to be 
understood.  The durations of the interview 
sessions were approximately one hour and all the 
interviews were recorded by using a digital voice 
recorder for analysis purposes. Visual site 
inspections were also carried out once the interview 
sessions were done. The labours working attitude 
and behaviours were thoroughly observed, as well 
as the site safety conditions. The photos of 
construction site condition were taken for further 
reference. The data collected was analyzed using a 
grounded theory (Glaser & Strauss, 1967). 
Grounded theory is a data analysis method which 
provides systematic and organized way of 
classifying and grouping the data into the related or 
common theme. 
 
3.0 Observation, Result and Discussion 
 
3.1 Construction sites safety condition 
 
Five construction sites in Penang were visited 
which are the construction for:  
• Proposed Development of Kompleks 
Mahkamah Syariah Negeri, 7 floors with others 
facilities on part of Lot 704 & part of Lot 705, 
Seksyen 2,  Jalan Batu Gantung/Jalan Scotland, 
Daerah Timur Laut, Penang. 
• Proposed Development of Sekolah 
Kebangsaan Minden Height, Gelugor, Penang. 
With 10 Classrooms and other Related 
Facilities. 
• Proposed Development of 11 unit residential 
housing, 2 floors and 1 basemen floor under 
“strata title” Lot 1060, 1061, 1062, 1063 & 1066, 
Seksyen 2, Bandar George Town, Daerah 
Timur Laut, Jalan Brook, Penang. 
• Proposed Development of Sekolah 
Kebangsaan Sg. Gelugor, Penang. 
• Demolished works and development of Masjid 
Jamek Sg Gelugor, Lot 3386, 3387 & 5574 
Daerah Timur Laut, Penang. 
 
 
Figure 1: Waste disposal in Proposed 
Development of Kompleks Mahkamah Syariah 
Negeri construction site 
 
 
Figure 2: Pathway for vehicles and pedestrian in 
Proposed Development of Kompleks Mahkamah 
Syariah Negeri construction site 
 
   Among the five construction sites visited, the 
construction site “Proposed Development of 
Kompleks Mahkamah Syariah Negeri, 7 floors with 
others facilities on part of Lot 704 & part of Lot 705, 
Seksyen 2,  Jalan Batu Gantung/Jalan Scotland, 
Daerah Timur Laut, Penang” is considered as the 
most organized and safe. It is followed by site 
“Proposed Development of Sekolah Kebangsaan 
Minden Height, Gelugor, Penang. With 10 
Classrooms and other Related Facilities”, 
“Proposed Development of Sekolah Kebangsaan 
Sg. Gelugor, Penang”, site “Proposed Development 
of 11 unit residential housing, 2 floors and 1 
basemen floor under “strata title” Lot 1060, 1061, 
1062, 1063 & 1066, Seksyen 2, Bandar George 
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Town, Daerah Timur Laut, Jalan Brook, Penang”, 
and site “Demolished works and development of 
Masjid Jamek Sg Gelugor, Lot 3386, 3387 & 5574 
Daerah Timur Laut, Penang.” 
   Construction site “Proposed Development of 
Kompleks Mahkamah Syariah Negeri, 7 floors with 
others facilities on part of Lot 704 & part of Lot 705, 
Seksyen 2,  Jalan Batu Gantung/Jalan Scotland, 
Daerah Timur Laut, Penang”, is organized and 
safer than the others because it has a proper waste 
disposal area, clear and obvious  zones borders. 
They set up the signboard for safe and danger 
zones, signboard for personal protective equipment 
(PPE), and have clear borders of pathway for 
vehicles and pedestrians by using a string.  
Meanwhile, construction site, “Demolished 
works and development of Masjid Jamek Sg 
Gelugor, Lot 3386, 3387 & 5574 Daerah Timur Laut, 
Penang”, is no worker friendly than others because 
they do not have organized site set up. They do not 
set up signboard for safe or danger zones, do not 
have proper pathway for vehicles and pedestrian, 
and do not have a proper waste disposal area.  
 
 
Figure 3: Improper waste disposal in site 
Demolished works and development of Masjid 
Jamek Sg Gelugor 
 
 
Figure 4: Materials were leaf stray after being used 
in site Demolished works and development of 
Masjid Jamek Sg Gelugor 
3.2 Labours working behaviours and 
performance 
 
The labourers are majority from foreign 
countries such as Bangladesh, Indonesia, and 
Myanmar. During site inspection, their working 
behaviours and performance is observed. In every 
construction site, there are several labourers that 
do not obey and implementing the written rules. 
They do not wear personal protective equipment 
(PPE), especially safety helmet and safety boots 
when they are doing their work. However, there are 
some obedient labours that will wear PPE when 
they doing their task no matter it is internal or 
external works.  
 
 
Figure 5: The labours in Demolished works and 
development of Masjid Jamek Sg Gelugor 
construction site 
 
3.3 Result and Discussion 
 
The research questions were intended to 
identify a broad array of contractors’ attitudes 
towards enhancing the implementation of safety law. 
The different attitude of contractors related to 
implement were not expressed by every individual, 
nor did they play an equal role in shaping safe 
workplace. Furthermore, some of the factors were 
much more commonly shared and expressed by 
individuals than others. The analysis revealed 
several different organizational and social factors 
that explained the contractors’ attitudes. Related 
factors were further classified into common themes. 
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Table 1: List of data collected from interview 
 
Table 2: Contractors' efforts in reducing the risk of 
accidents. 
 
Interviewees 
Efforts 
A B C D E F 
Enforcement of the 
law 
          
Warn           
Fine           
Capture pictures           
Expel from work        
Remind each other        
No action        
 
Table 3: The reasons given by the contractors for 
not implement safety law 
              Interviewees 
Reasons 
A B C D E F 
Management staffs’ 
attitude 
          
Labours’ attitude        
Troublesome and 
burden 
        
. 
The purpose of this study is to investigate 
the contractors’ attitudes towards enhancing the 
safety performance at construction sites. Table 1 
shows the data collected from interview sessions. 
From the data collected, it shows that majority of 
the contractors have the awareness of the safety at 
workplace. They had implemented several actions 
such as having the initiatives to employing safety 
and health officers at their workplace, making a 
record when accident happen, proposing site safety 
plan and manual, executing personal protective 
equipment (PPE) policy, conducting training and 
giving instructions to labourers before starting to 
work. Table 2 shows the contractors’ efforts in 
reducing the risk of accidents, while Table 3 shows 
the reasons given by the contractors for not 
implement safety law. Those data were analysed 
and to evaluate the contractors attitude towards 
enhancing the safety performance at construction 
sites. 
 
4.0 Overall Analysis 
 
     Analyzing the contractors’ attitudes towards 
enhancing the safety performance at construction 
sites, it can be evaluated from 3 different aspects 
such as:  
 the contractors’ efforts in implementing and 
enforcing the safety rules,   
 contractors’ efforts in reducing the rate of 
accidents  
 the reasons given by the contractors that 
influencing the implementation of site safety 
 
4.1 The contractors’ effort in implementing  and 
enforceing the safety rules 
 
Contractors’ attitude towards enhancing the 
safety performance can be shown by their efforts in 
implementing and enforcing the safety rules. 
                   Interviewees 
Questions 
A B C D E F 
Contractor awareness           x 
Opinion on Penang 
construction safety 
condition 
            
Own site safety condition             
Safety officer           x 
Common site accident Minor 
accident 
Minor 
accident 
Minor 
accident 
No No Minor 
accident 
Recording accidents           x 
Safety program/ 
plan 
            
safety mannual             
Written PPE             
Given training           x 
Explained to workers the 
scope of works  
          x 
Enforcement of safety 
program 
x         x 
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Contractors who possess good attitude towards 
ensuring the safety at the workplace will have the 
initiatives to implement and enforce the existing 
written safety rules and regulations which 
established by the government and their company’s 
policies. 
In order to enhance the safety levels at the 
construction work sites, Construction Industry 
Development Board Malaysia (CIDB) has 
established an integrated program, which provides 
Green Card Training. This program involves 
registration and accreditation of Construction 
Personnel, which means all personals who are 
working at the construction sites, must undergo the 
training and obtain Green Card before entering the 
construction site. From the data collected, most of 
the labours have the Green Card. However, some 
of the labours from small and medium sized 
contracting firms do not have it.   Besides that, the 
government sectors such as OSHA, NIOSH, and 
CIDB have a well-written personal protective 
equipment (PPE) policy. There are many 
improvement steps on construction safety taken by 
government sectors such as the establishment of 
programs, plans, and manuals as the initiatives to 
increase the awareness of the contractors towards 
site safety and reduce the risk of accidents. 
From the data collected, it can be concluded that 
the contractors were not implementing the site 
safety rules and regulations that were established 
by the government or planned by their own 
company’s policies. This is because the contractors 
do not possess high concern on labourers’ safety 
and the safety at the workplace.  
Contractors should implement and enforce 
the established disciplinary process in order to 
show good attitude towards enhancing the safety 
law at the construction site. 
 
4.2 Contractors’ efforts in reducing the rate of 
accidents. 
 
Contractors are the top management 
personnel at the construction sites. They must 
possess good attitudes in managing the safety and 
have initiatives to reduce the rate of accidents 
happen at the workplace. They must perform their 
responsibilities as listed in the law of health and 
safety.  They have to take the right precautions to 
reduce the risks at the workplace, and dangers to 
the labourers and the public. They also have to 
make sure that everyone understands and takes 
part in ensuring health and safety in the working 
environment.  
Contractors’ attitudes can be evaluated by 
their efforts in controlling the rate of accidents 
because this factor is able to show that the 
contractors are concerned and having the 
awareness of the site’s safety. They will try their 
best in thinking the solutions and prevention steps 
to avoid the accidents. 
Based on the data collected, there were six 
methods that had been carried out by the 
contractors to control the rate of accidents: 
enforcement of the law based on the written safety 
manual; give warning to the labour who disobey the 
safety rules; fine the labours who repeated the 
mistakes; capture pictures as proof; expel the 
labours who violate the rules at work as a reminder 
to all the workers. 
When the contractors have the efforts in 
reducing the rate of accidents at the construction 
sites, the contractors are possessing the right 
attitudes towards enhancing the safety performance. 
 
4.3 The reasons that influence the 
implementation of the site’s safety 
 
When the contractors gave various reasons 
for not implementing the safety law, it shows that 
they do not possess good attitudes towards 
enhancing the site‘s safety performance at the 
construction sites. The contractors should plan 
more back-up solutions to implement the site’s 
safety instead of giving the reasons for not 
implementing it. 
There are 3 main reasons given by the 
contractors for not implementing the safety law, 
which are management staffs’ attitude, labours’ 
attitudes, and they think it is troublesome and 
burdening. From the data collected, the most 
significant reason was the management staffs’ 
attitude. Four out of six interviewees thought that 
the management staffs’ attitude was the main 
reason in influencing the implementation of the 
construction site’s safety rules.  
 
5. Conclusion 
 
Contractors’ attitude is the major factor in 
determining the implementation and enforcement of 
the safety law at the construction site. It is also the 
main factor in affecting the safety condition at the 
workplace. Their attitude towards safety will affect 
the labourer’s perceptions on working behaviours 
and performance during site works. They should 
always emphasize the importance of safe working 
behaviour and perform positive safe working 
attitude at the construction sites. These findings 
provided a valuable guidance for practitioners to 
identify the processes by which they can improve 
the safety of the workplace. 
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Abstract: 
 
A major portion (approximately 70%) of the wood waste ash produced as paper sludge end up in landfill as 
common method of disposal. If current trend continue, nearby sanitary landfill will be occupied with vast amount 
of sludge. Paper sludge from local paper making factory was used to investigate the performance of concrete 
cube mixed with the sludge. Concrete mixes containing paper sludge were prepared and basic strength 
characteristic such as compressive strength, flexural strength, ultra pulse velocity and dynamic modulus were 
tested. Four concrete mixes containing of the paper sludge, which are a control mix, 10 %, 20 %, 30% as a t 
cement replacement material were prepared with DoE mix design by weight of cement, sand and aggregate. 
The performance of each concrete specimen is compared with control mix strength. As a result, when the 
percentage of paper mill sludge in concrete is increased, the strength decreased. Overall, a high correlation 
was observed between density and strength of concrete containing paper mill sludge.  
 
Keywords: Paper Mill Sludge, Concrete Mix design, Compressive strength, Flexural Strength 
  
 
1.0 Introduction 
 
This research is aimed to study effect of adding 
paper mill sludge on the fresh properties of 
concrete mixes toward performance of concrete 
containing different percentages of paper sludge 
and develop concrete that produces the highest 
strength of concrete in compressive strength and 
flexural strength. Very few investigations have been 
conducted on the use of pulp and paper mill sludge 
in concrete. In early laboratory test, some concrete 
mixture containing fibrous residuals showed higher 
compressive and splitting –tensile strengths than 
the control concrete made without the residuals 
(Naik et al., 2003). Use of paper mill sludge in 
structural concrete could become an economical 
and profitable to landfill, incinerator and other use 
option for reduce of paper mill sludge waste. The 
used of paper mill sludge from dispose of recycle 
could be a valuable material in a construction by 
result have been reported on the use of waste 
paper in structural concrete. 
 
2.0 Materials and composition 
 
The concrete mix used in this study was made from 
cement, coarse aggregate, fine aggregate, paper 
mill sludge and water. 
 
 
2.1 Cement 
 
Type I Portland cements which meeting the 
requirements of BS 12: 1996 were used in this 
research. The cement shall be described under the 
following headings is Ordinary Portland Cement to 
comply with MS 522 
 
2.2 Fine Aggregate 
 
River sand and crushed granite with 5 mm and 20 
mm maximum size respectively were used in this 
research. The sand and gravel met the 
requirements of ASTM C 33. 
 
2.3 Coarse Aggregate 
 
The maximum nominal size of aggregate shall be 
as specified in the method. The fractions from 20 
mm to 4.75 mm are used as coarse aggregate. The 
Coarse Aggregates from crushed Basalt rock, 
conforming to IS: 383 are to be used. The Flakiness 
and Elongation Indices were maintained well below 
15%. 
 
2.4 Paper Mill 
 
Paper sludge was obtained from a local paper 
making factory. The sludge was disintegrated using 
mortar mixer for 30 minutes and sieved through 
2.36 mm openings and it has a moisture content of 
about 35%. However, heavy metal contents present 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 
 
 142 
in the paper sludge which include copper (Cu), lead 
(Pb) and iron (Fe) were evaluated as 141 ppm, 241 
ppm and 4088 ppm respectively. High range water 
reducing admixture (HRWRA) with brown-yellowish 
powdery form was also used and this has met the 
requirements of ASTM C 494-99. 
 
2.5 Water 
 
Water shall comply with the requirements of MS 28. 
It shall be clean and free from material deleterious 
to concrete in the plastic and hardened state and 
shall be from a source. Since it helps to from the 
strength giving cement gel, the quantity and quality 
of water is required to be looked into very carefully. 
Water cement ratio used is 0.40 for M25 and 0.30 
for M40 concretes 
 
3.0 Experimental Procedure 
 
The research was done mixing concrete in 
accordance with ASTM C 192 using revolving –
drum titling mixer.  First, coarse aggregate, some of 
the mixing water, and paper mill sludge were added 
into the mixer. The mixer was then started and, 
after it turned a few revolutions, it was stopped. 
Next, sand was added, and the mixer was started 
and stopped again after it turned a few more 
revolutions. Finally, cement and the rest of 
the mixing water was added. 
 
After all the ingredient were in the mixer, the fresh 
concrete exist and mixed for 3 minute follow set 
time 3 minute and 2 minute of mixing the new fresh 
concrete. After that, water added during the mixing 
process to alter the concrete mixture to achieve 
desired slump. The fresh concrete mixtures were 
determined, and the specimen tests were cast for 
the evaluation of strength of concrete. The 
specimen were moulded 24 hour after casting and 
stored for air curing. Next day, the specimen must 
be open the mould and curing in water for get 
workability of specimen concrete. 
 
For each percentage additional with paper mill 
sludge, three cube specimens were test for 
compression and two prism specimens were tested 
for flexural test, ultra pulse velocity test and 
dynamic modulus test. A total 78 of specimen were 
made for experimentation of this study. Each of 
percentage has one reserve cube foe back up 
situation. All of them were tested for 1, 7, and 28 
days curing period. 
 
4.0 Mixture proportion, Results and Discussions 
 
4.1 Mixture Proportion 
Four concrete mixes containing Portland cement, 
paper mill sludge, gravel with 20 mm maximum size 
and river sand of 5 mm also water were studied and 
compare with control. Various proportions of the 
paper mill sludge waste were investigated by 
batching each mix with 0 %, 10 %, 20 %, and 30 % 
by weight in Table 1. The mix proportions for all 
mixes were based on Doe Mix design. The water to 
mixture of concrete containing paper mill sludge 
waste was based on preliminary testing to obtain a 
workable mix with enough water because of high 
water absorption of the wastepaper. 
 
Table1: The mix proportion for all mixture. 
 
 0 % 10 % 20 % 30 % 
Cement 
(kg/m3) 
14.77  13.29 11.81 10.33  
Paper mill 
sludge (kg/m3) 
0  1.48  2.96  4.44  
Fine 
aggregate 
(kg/m3) 
37.83  37.83  37.83  37.83  
Coarse 
aggregate 
(kg/m3) 
48.05  48.05  48.05  48.05  
Water (kg/m3) 9.66  9.66  9.66  9.66  
 
4.2 Compression strength 
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Figure 1: Compressive strength with compare 
density at 1 day 
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The test result showed that as the amount of paper 
mill sludge waste in the mix increased the 
compressive strength of the mix decreased. As 
shown in Figure 1, 2 and 3 the compressive 
strength generally lower compare to 0% control mix 
with 10%, 29% and 30 % added paper mill sludge 
waste. At 1 day compressive strength for various 
mixes with paper mill waste decreased from 2.51 to 
1.41 N/mm2(figure 1).The same result at 7 day 
showed 6.76 N/mm2 decreased into 4.39 N/mm2 
(figure 2). At 28 day also have decreased result 
from 8.70 N/mm2 to 3.36 N/mm2 (figure 3). This 
reduction in the compressive strength is mainly due 
to high water to cement ratio of the mix. 
 
2.225 2.194 2.171 2.153
16.65
6.76
4.72 4.39
2.1
2.12
2.14
2.16
2.18
2.2
2.22
2.24
0% 10% 20% 30%
Percentage Mix
De
ns
ity
0
2
4
6
8
10
12
14
16
18
St
re
ng
th
 
 Figure 2: Compressive strength with compare 
density at 7 day 
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 Figure 3: Compressive strength with compare 
density at 28 day 
4.3 Flexural Strength 
The flexural strength is carried out in accordance 
with British Standard 1881: Part118:1983 “Method 
of determination of flexural strength”. This research 
used to compare the result of Paper Mill Sludge 
waste by using 10%, 20%, and 30% respectively 
within 28 days. The result is presented in Figure 4, 
5, and 6. The flexural strength was strongly affected 
by water cement ratio. Our mix design reached 2.98 
N/mm2 at 28 days by 10% paper mill sludge waste. 
The average increment of flexural strength for 
10%,20%,and 30% paper mill sludge waste within 
28 days increased about 11.75% compared to day 
14. This many attribute to lower water to cement 
ratio of 10% and 20% compared to 30%. 
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Figure 4: Flexural strength with compare density at 
1 day 
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Figure 5: Flexural strength with compare density at 
7day 
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Figure 6: Flexural strength with compare density at 
28 day 
 
4.3 Ultra Pulse Velocity 
The following tables describe velocity level along 
length of the various specimens. 
Table 2.Table: Criterion for concrete quality 
grading.   
 
Pulse Velocity be Cross 
Probing (direct method) 
 
Concrete Quality 
Grading 
Above 4.5 km/s 
3.5 km/s to 4.5 km/s 
3.0 km/s to 3.5 km/s 
Below 3.0 km/s 
Excellent 
Good 
Medium 
Doubtful 
 
Table 3: Ultrasonic Pulse Velocity Data 1 day 
Mixture Length 
(mm) 
Pulse 
velocity 
(km/sec) 
Probable 
Concrete  
Quality 
1 2 
Control  
Mix 
100 3635 3687 Good 
500 3412 3496 Medium 
10 % 100 2332 2430 Doubtful 500 1399 1346 Doubtful 
20 % 100 2212 2427 Doubtful 500 1000 1093 Doubtful 
30 % 100 1811 1845 Doubtful 500 1072 943 Doubtful 
 
 
Table 4: Ultrasonic Pulse Velocity Data 7 day 
Mixture Length 
(mm) 
Pulse 
velocity 
(km/sec) 
Probable 
Concrete  
Quality 
1 2 
Control  
Mix 
100 4132 4291 Good 
500 3990 3886 Good 
10 % 100 3340 3355 Medium 500 3355 3460 Medium 
20 % 100 1411 1448 Doubtful 500 2732 2931 Doubtful 
30 % 100 3067 3086 Medium 500 1847 1916 Doubtful 
 
Table 5: Ultrasonic Pulse Velocity Data 28 day 
Mixture Length 
(mm) 
Pulse 
velocity 
(km/sec) 
Probable 
Concrete  
Quality 
1 2 
Control  
Mix 
100 4366 4132 Good 
500 4038 4068 Good 
10 % 100 3472 3717 Good 500 3270 3272 Medium 
20 % 100 3158 3610 Medium 500 2836 2886 Doubtful 
30 % 100 3584 3334 Medium 500 2978 3073 Medium 
 
4.4 Dynamic Modulus  
Table 6: Dynamic modulus Test data 1 day 
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The following results are calculated from the 
equation of stress strain curves.  The correlation 
between dynamic modulus of elasticity is in 
accordance with American standard ASTM C215 
(ASTM, 2002). The following tables show the result 
of dynamic modulus test for 1, 7, and 28 days. 
Table 7: Dynamic modulus Test data 28 day 
 
 
Table 8: Dynamic modulus Test data 28 day 
 
 
5.0 Conclusion 
 
Various test related to strength of concrete were 
completed in an attempt to study the effect of paper 
sludge as replacement material in concrete. 
Generally, paper mill sludge will not be able to 
increase the strength of concrete mixtures. 
However, it may produce lighter concrete block. 
 
From the test, result and analysis of the 
experimental work carried out in the study the 
following are the main conclusions and 
recommendations: 
 
1. Paper mill sludge waste is only suitable for 
use in the small volume as cement 
replacement in concrete mix, but it is not 
appropriate for large quantity.  
2. The best percentage of Paper Mill sludge is 
10 % of mix volume, because the paper mill 
will absorb a lot of water causing 
uncertainty in the curing process. This will 
require further studies. 
3. Good relationship was observed in density 
and strength of concrete mixes containing 
paper mill sludge. 
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Abstract: 
 
This paper is conducted to identify types of building defect occur in low cost housing. This is terrace low cost 
housing in Kedah. This paper also task contribution causes to building defect, which frequently occurs on low 
cost housing. The case study is selected at Taman Bandar Perdana, Sungai Petani, Kedah. The methodology 
that is adopted in this paper is through literature review and interview with the developer and house buyers. 
Besides that, questionnaires also distributed to the occupant of case study. From this method, the goal of 
identifying the types and causes of building defect can be achieved from the results of this survey. Furthermore, 
visual inspection also being use one of a medium in this survey as an evidence to make sure the survey can be 
carried out smoothly. Besides that, this paper also provided some suggestion or recommendation to solve the 
problem. The finding of this study can be used for future references. Hopefully this study could improve the 
quality of low cost housing with reduce the defect on the building.  
 
Keywords: building defects, low cost housing, crack, peeling paint, leaking,  
 
 
1.      Introduction 
 
This paper is prepared for the study of 
building defect on low cost housing in Kedah. This 
is more focus on types of defects and what the 
majority defect that happen on low cost housing. 
At the same times, the contributed to the causes 
of defect also has identified. This paper refers to 
case study that is selected at Taman Bandar 
Perdana, Sungai Petani. That is the terrace house 
of low cost housing. Defects and deterioration are 
common problems in any built structure. Various 
defects are more common in an old structure 
(Ransom, 1981). As been stated in BS 3811 
(Code of Practice, British Standard 1984) defects 
are defined as the deterioration of building 
features and services to unsatisfactory quality 
levels of requirement users. A building defect may 
include any problem that reduces the value of a 
home, condominium, or building. Building defects 
can be the result of design error by the architect, 
a manufacturing flaw, defective materials, 
improper use or installation of materials, lack of 
adherence to the design by the contractor, or any 
combination of them. (Thomas E. Miller, 2013) 
According to California Civil Code 896, 
common types of building defects include: 
structural defects resulting in cracks or collapse; 
defective or faulty electrical wiring and/or lighting; 
defective or faulty plumbing; inadequate or faulty 
drainage systems; inadequate or faulty ventilation, 
cooling or heating systems; inadequate insulation 
or sound proofing; and inadequate fire 
protection/suppression systems. Additionally, dry 
rot, wood rot, mold, fungus, or termite or vermin 
infestation may also be the result of a building 
defect. A building defect may also include 
damage caused by land movement or earth 
settlement. Proving a building defect commonly 
requires the hiring and testimony of a highly 
trained and experienced expert. An expert, such 
as an engineer or architect will be able to 
determine whether a construction problem is the 
result of improper design, material, or 
workmanship. There are some common building 
defects as the following: 
 
a) Dampness 
 
 
Dampness is generally defined as unwanted 
water or moisture. The existing of dampness in 
building is one of the most damaging failures that 
occur in building. It can cause damage in 
brickwork by saturating it, decay and breaking up 
of mortar joints, rot in timber structures, corrosion 
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of iron and steel materials and damage to 
equipment in the building. 
 
b) Cracking  
 
 
It is the nature of many construction materials 
to crack as they age and as they expand and 
contract, particularly with exposure to moisture as 
they get wet and dry out. There are common 
cracks in common areas, such as exterior walls, 
interior walls at corners of doors and windows, 
and ceilings (usually in the middle). Referring to 
the construction, wall crack occur t because they 
are overloaded or because the structure has 
settled or heaved. Vertical and angled crack are 
usually caused by settlement or heaving. Then, 
for horizontal crack, there are more likely to be 
caused by lateral pressure. (Henry Eldridge, 
1976) 
 
c) Peeling Paint 
 
 
Peeling paint usually occurs on building 
facades, mainly on plastered walls, columns and 
other areas which are exposed to excessive rain 
and dampness. Some buildings located near the 
sea may face a much greater risk once the signs 
of peeling paint are visible on the exterior walls. 
 
d) Erosion of Mortar Joint 
 
 
Basically, the main function of a mortar joint is 
to even out irregularities of individual blocks, 
whether they are of stones or bricks. At the same 
time it provides some adhesion between the 
blocks. Decayed mortar can be removed forcibly 
by the use of a mechanical disc or carefully raked 
out by using a knife or spike manually. 
 
e) Leaking 
 
 
The water that seep out and were located at 
the area behind walls, under concrete slabs and 
asphalt, basements, landscaping, water intrusion 
in roofs, irrigation systems, and radiant heat 
system. The consequent of leaking can cause of 
dampness and through the mold. 
 
f) Unstable Foundation 
 
 
Foundations are a part of a building which 
distributes loads from roof, walls, and floors on to 
the earth below. They are structurally important to 
the permanent of a building and if this is lacking 
there is no point of spending large sums of money 
on other superficial restoration work. 
 
g) Roof Defect 
 
 
Roof may act as a weather shield, giving 
protection to user or occupant from rain and sun. 
There have many type of roof defect such as 
broken roof tiles, damage framing, exposed 
damage felt, improper flashing, raised shadow 
board, and slipping tiles. 
 
h) Termite Attack 
 
 
Termites are small, pale to brownish black in 
color, insects that feed on wood.  
 
2.0 Methodology 
 
Taman Bandar Perdana, Sungai Petani, 
Kedah has been chosen as the case study. This 
case study represents the low cost housing in 
Kedah. This research focuses on Kedah because 
this country is famous with the increasing of 
development of low cost housing. Besides that, 
low cost housing in Kedah is more to type of 
terrace house. Moreover, according to the 
problem statements, there are some problem 
base on defect occur that complaint by client or 
customer. This is types of terrace house that have 
154 units. It completed two years ago. According 
to the surrounding area, this house probably has 
potential face on defect such as crack and 
dampness. This is mostly because of the factor of 
geography that is near to river and railway, and 
quality of material that have minimum standard 
base on Construction Industry Standard, CIS 2 to 
low cost housing. According to N. Ahzahar,2011, 
building that are located near the sea or rivers 
tend to have common building defects. This is 
because the water coming from the ground 
causes dampness penetration and structure 
instability.  
A mixed method research approach is also 
adopted. Firstly, interview with the developer and 
occupant on case study area. The developer is 
the housing property of case study. The interview 
is about the compliant of client toward the house 
problem such as defect that happen. Besides that, 
the information of case study such as plan also 
provided. 
After that, the distribution of questionnaires to 
the occupant of the case study was also given. 
The questionnaire is divided into 3 parts which is 
demographic information, evaluate on houses and 
assessment on houses defect. The 
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questionnaires are distributed to 80 houses and 
then, have responded about 50 people. At the 
same time, visual inspection and interview with 
occupant also carry on. The defects are measure 
base on visual inspection and take a photo as 
evidence. All of the data has been analysis. The 
questionnaire has been present on table and 
graph. The method to analysis the data is through 
Microsoft Excel. All answer bases on the 
questionnaire, interview and visual inspection has 
been compared.  
 
3.0 Result, and Discussion 
 
The summary of building defect on low cost 
housing base on this case study is presented in 
Figure 1. Majority of the building defect is due to 
cracking and followed to electrical faulty, paint 
problem and leaking pipes. There is no termite 
problem on this housing. Each defect has their 
major and familiar location that presented Table 1 
such defect as cracking, paint problem, dampness 
and mold or fungi. 
 
 
Figure 1: Types of Defect 
 
Table 1: Location of defects 
Location Floor Wall Ceiling Others 
Cracking X X X - 
Paint 
Problem - X X Doors 
Dampness X X X - 
Mold and 
Fungi X X - - 
 
Majority of the results shows that is cracking 
happens to the wall and followed to ceiling then 
floor. Base on visual inspection, these happens 
on internal and external wall, refer to Figure 2 and 
Figure 3. Besides that, there are sign of cracking 
on the ceiling, refer to Figure 4. 
 
Figure 2: Hairlines Cracking (Internal) 
 
There are many types of cracking. The 
types of crack happen on this area such as 
hairlines crack, and vertical crack. Each types of 
crack have their own causes. According to data 
analysis from questionnaire, there are about 52% 
of respondents that does renovations on their 
house. Renovation of the house probably 
contributed to the causes of cracking.  The 
vibration, quality of workmanship of construction 
and change the loaded of the house will happen 
on this housing when renovations occur on this 
house. Besides that, the cause of cracking is 
factor of movement on subsoil, and foundation. 
Base on visual inspection, this area is 
near with railway and river. Vibration will happen 
on soils that affect the foundation due to cracking 
of wall. Besides that, there is also another 
problem like the paint problem such as 
discoloration and peeling paint which has 
happens a lot on the wall. Figure 5 represented 
the discoloration of wall. This occurs on the 
external wall. This mostly happen every house of 
this area. Paint problem also occur on doors. 
There is peeling paint on the door due to timber 
doors and exposure to the external condition such 
as rain, and sun (refer to Figure 6).  
 
 
Figure 3: Vertical Crack (External) 
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Figure 4: Cracking on Ceilings 
 
 
Figure 5: Discoloration 
 
 
Figure 6: Peeling Paint 
 
Furthermore, dampness happens on 
three locations. The location is usually happens 
more on the wall and less on the floor. Mold or 
fungi was frequently seen on the wall, however it 
shows no sign of its happening on the ceiling. The 
causes of dampness are due to the overhang of 
roof no enough that exposure to the rain. Besides 
that, dampness happens because the water level 
on soil is high due to near with the river. Mold and 
fungi is due to dampness on that area. 
Besides that, the second majority defect 
after cracking is electrical faulty (Figure 1). The 
survey shows that about 30 of houses has 
problem of electrical faulty. The majority problem 
of electrical is switch. The switch is not functioning 
properly. According to the interviews the dwelling, 
there are some switch that be cannot use and 
sometime causes blackout due to over capacity. 
Leaking pipe is in the third category of defect 
happening on this housing. The highest place for 
this defect to occur is on the sink followed to toilet 
and then roof. Base on the visual inspection, there 
are sign of leaking pipe of water supply on sink. 
When the water flows out, it melts around joint 
pipe (Figure 7) 
 
 
Figure 7: Leaking Pipes 
 
Base on visual inspection, the cause of 
leaking pipe is due to the workmanship and 
material that was used. This is supposedly should 
not have cause a problem but it always happens 
on every each housing. Quality of material also 
contributes to the cause of leaking pipe. The life 
resistant of pipe is decrease when it is frequently 
used. Furthermore, this housing area also has 
problem about broken tiles. There are about 23 of 
housing has problem of broken tiles. Base on 
visual inspection, these defects occur due to less 
of maintenance or careless of owner/rent. Refer to 
Figure 8. 
 
 
Figure 8: Broken Tiles 
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To summarize the housing area, the 
fewer defects on this area are sagging or 
deformation, broken tiles, and drainage systems. 
This is about less than 30 % of defect problem. 
Cracking is major defects that happen on this low 
cost housing area. 
There are many factors that contribute to 
the cause of defects. There are defect already 
exist happen on the house before the client or 
customer get the key. There is about 54 % of 
respondent say that they has defect problem 
before get the key. The summarization on the 
type of defects that happens before get the key is 
presented in Figure 9. The majority of defect is 
also cracking. 
 
 
Figure 9: Types of defect before get the key 
 
From the Figure 9, the defects that 
happen will affect the future of housing. This is 
possible causes of defect that occur on this 
housing. The cracking is a majority of defect.  
Furthermore, the numbers of households 
also contribute to the causes of defect. Summary 
of questionnaire, the majority number of 
households is more than 6. Overload on housing 
also causes cracking, leaking pipes, broken tiles 
and faulty electric. According to MHLG (1981) and 
Loo, (1977), for every each low cost is for family 
with average household size of 5 persons. 
Therefore, if there are more persons on each 
house, it can be less comfortable and causes the   
overload issues.  
Summing up the result, the objective of this 
paper has been done and successful. The types 
of building defect have been identified and the 
majority defects problem is cracking. This housing 
area hasn’t got a problem about the termite 
attack.  The factor that causes of this defect is 
because of the design. That is based on majority 
of defect is cracking due to the weakness in 
design and another factors is workmanships.  
 
4.0 Recommendation and Conclusion 
 
   Generally, the type of building defects on 
low cost housing base on case study is cracking, 
peeling paint, dampness, leaking pipes, timber 
decay, sagging or deformation (roof), mold or 
fungi, termite, broken tiles and faulty electrical has 
been identify. The majority defect occur on low 
cost housing is cracking. There aren’t any issues 
or defects that happen due to the termite attack. 
Besides that, there aren’t also problem on timber 
decays and sagging or deformation. The major 
contribution causes of defects are weakness in 
design and workmanships. Furthermore, cause of 
defect also due to lack awareness of occupant 
about the maintenance of the house. 
   Generally, the factors of the defect are 
weakness of design, workmanships and material. 
Therefore, some recommendation must take 
action such as: 
a) The cause of the defect problem base on 
services is due to more of workmanships and 
material. This defect must be repair by change 
or increase the quality of the material.  
b) Contractors must hire the skill workers to 
install proper materials. 
c) Weakness in design is due to cracking, paint 
problem, dampness, and mold or fungi. This 
problem needs to be monitor before 
construction until the building completed. 
Furthermore, make sure the design follow the 
standard requirement. 
   The defect will be decrease if there factors 
are known and were solved. Any responsible 
authorities have to take action in order to avoid all 
the defects that happen. Thus, the problem will be 
decrease and the quality of low cost housing will 
increase. 
   This research was done to finds out the 
types of building defects on low cost housing and 
factors that contribute to their causes. There is no 
task about the material that is use for low cost 
housing. Probably the next researches will have a 
thorough research in depth about the material that 
was used on low cost housing and that the 
material is according to the minimum standard 
requirement. 
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Abstract: 
 
Safety aspects in construction are very important and should be emphasized in any building project. It will lead 
to an accident causing serious injury to workers or the public and sometimes lead to death. Precast 
construction also not spared from hazards in construction work during the installation process. However, 
accidents happen because of lack of proper planning, using unsafe equipment, do not follow the method 
statement, the site is not safe, do not use the safety equipment provided, and poor attitude towards safety 
during the construction process carried out at the construction site. This study was carried out to identify the 
safety aspects and the level of safety during the installation process in construction site. Questionnaire survey 
and interviews were done in getting data on safety requirements in precast concrete construction. All of the 
interviews and research questionnaire survey are conducted among contractor that registered as class 1 to 
class 7 with the Construction Industry Development Board (CIDB) and class A to class G with Pusat Khidmat 
Kontraktor (PKK) in Penang. Returned questionnaire were analyses with used of simple percentage and the 
Likert Scale analysis method to identify safety aspects of precast construction. The results indicate that the 
safety aspect implemented by companies involved in the precast construction process is at a good level in the 
safety aspect during bracing, propping, welding and grouting process and very good level of safety in general 
aspect and safety aspect during lifting process. In conclusion with the existence of this study, it can boost up 
knowledge and give details information on the safety aspect in Industrialized Building System using precast 
concrete. 
 
Keywords: Safety aspect, Precast concrete, Industrialized building system, Installation process 
 
 
1.0 Introduction 
 
In Malaysia, IBS is classified into five major groups 
based on the classification of the structure which is 
precast concrete, steel formwork system, steel 
frame system, timber frame and blockwork system. 
The adoption of IBS in this construction industry 
can change construction sector which is now 
burdened with problems of 3-D or 3-K, Dirty 
(Kitanai), Difficult (Kitsui) and Dangerous (Kiken). 
Local workers currently not interested in entering 
the construction sector may change their stance if 
the above problem can be overcome. This turn will 
lead to increased purchasing power of Malaysians 
and bring improvements in terms of economic and 
social culture. The changes in this construction 
sector are the effect of the advantages usage of 
IBS itself (IBSDigest, 2005)(a). With the 
encouragement and support by CIDB and the 
government, of course one day the use of IBS will 
be fully utilized in the construction industry. Various 
parties are involved in the construction using IBS 
which is starting from component manufacturers 
until the IBS contractor to install the precast 
components. So of course some safety measures 
will be required to ensure construction IBS is safe, 
so that the construction of a safe and clean can be 
achieved which is one of the advantages of IBS 
usage (Ahmad Ikhwan, 2007) 
 
IBS is often misinterpreted as a system that is 
limited to building only. Instead of IBS is the system 
that includes all types of construction. IBS is a 
system that includes all system construction using 
precast components and pre-finished available in 
large quantities in factories either far or close to the 
minimal extra effort on-site labor. In other words, it 
is a construction process that uses the techniques 
product or construction system component that 
involves pre-fabricated and installation of building 
components at the construction site (Hafizal, 2007). 
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The most widely used groups of IBS products are 
precast concrete elements for columns, beams, 
slabs, walls, 3D components (for example; balcony, 
staircase, toilet bowl), lighter precast concrete such 
as a permanent concrete formwork (IBS Digest, 
2005)(b). There are various of precast concrete 
building systems, but this system can be divided 
into three main types of systems, ie framework 
systems (columns and beam system), panel system 
and box system. Framework system is a system 
where the load borne by the beams of buildings and 
then transferred to a column and then to the base. 
Panel System is a construction system where the 
load is borne entirely by the floor and wall panels. 
These panels are manufactured either in the factory 
or on site and installed to form the final structure of 
the building. For the box system, the vertical load 
not covered by frame structures that otherwise 
depending on not only walls but also vertical load to 
ensure lateral stability. This system is used more 
often because it has a high level of finishes and 
also have resistance to vibration (Ahmad Ikhwan, 
2007).  
 
There are several processes of precast concrete 
component at site which are starting from the 
proper planning and preparatory works, setting out, 
stabilizing component with bracing or propping, 
lifting work, placing the component and component 
jointing with welding or grouting work. The same as 
conventional construction, the construction using 
precast is also not spared from danger or hazard 
during construction work. 
  
Safety aspects to be observed to avoid accidents 
while on the construction site. Same as 
conventional construction, some aspects of general 
safety should be practiced during construction work 
involving the use of precast concrete. Hazards and 
control measures for these hazards should be 
identified and recorded in order to reduce accidents 
during construction work. For example, Job Safety 
Analysis should be done every time before a project 
is carried out to identify potential hazards and 
control measures to reduce this hazard from 
occurring. There are also other documents used for 
this purpose such as the Risk Assessment Report, 
Job Hazard Analysis Report Hazard Identification 
Risk Assessment and Risk Control (HIRARC) 
(Ahmad Ikhwan, 2007). 
 
To ensure a hazard control measures are 
successfully implemented, a detailed explanation 
must be given to employees on safety procedures 
that practiced by the company. This can be 
accomplished by conducting Safety Talk or Tool 
Box Meeting operated by qualified personnel such 
as Safety Officer. The workers also should be 
provided with Personal Protective Equipment (PPE) 
in order to protect workers during construction work 
in progress. Tools such as safety helmets, eye or 
face protection devices and safety belts must be 
provided and the responsibility of companies to 
ensure the equipment is used by workers in the 
right way (Ahmad Ikhwan, 2007). 
 
As a result of this study, the safety aspect and the 
requirements during the installation process will be 
analyzed in terms of the lifting work process, 
placing the component, stabilizing work with bracing 
or propping and jointing work with welding or 
grouting. The crane operational safety and the 
danger zone area also include into consideration to 
identify the aspect of safety installation that 
implemented by precast contractors in Penang. 
Thus, to decrease accidents happen because of 
lack of proper planning, using unsafe equipment, do 
not follow the method statement, the site is not 
safe, do not use the safety equipment provided, and 
poor attitude towards safety during the construction 
process carried out at the construction site as 
stated by Noor Yuhana (2009) will be achieved. 
 
 
2.0 Methodology 
 
The questionnaire was conducted in order to 
identify the effectiveness of safety measures which 
commonly done during installation work on the 
construction site of precast concrete components. 
Questionnaires were distributed to personnel who 
are involved in performance using precast concrete 
construction. Personnel was defined as personnel 
who work in the company or currently involved with 
precast concrete construction in their project. 
Observations were also committed against 
installation methods of precast concrete 
components at the site. 
  
Much research can be carried out using 
questionnaires answered by the respondents. 
Among the advantages of the questionnaire is that 
respondents may take time to answer the survey 
questions received and will provide better 
information to researchers. The interviews were 
very suitable for further information if the answer in 
the questionnaires received lack clearly. 
Meanwhile, appropriate observation method was 
used to record the occurrence and pattern of 
installation methods of precast concrete 
components without questioning or communicating. 
The study population consisted of precast concrete 
construction among contractor that registered as 
class 1 to class 7 with the Construction Industry 
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Development Board (CIDB) and class A to class G 
with Pusat Khidmat Kontraktor (PKK) in Penang.  
Random sampling will be made against the 
company that are in the population. From the 
collection of the data from CIDB, there were about 
20 companies of precast concrete construction 
contractor in the study area. Particular emphasis 
has also been placed on the use of precast 
concrete construction by view to activities for the 
installation of Precast components at the 
construction site and the safety requirements. As a 
result of this literature review was used for 
preparing the questionnaire. Questionnaires were 
distributed either personal delivery or distribution 
online. 
 
The questions are divided into four parts. Part A is 
related to the background of the respondens, the 
designation, the type of company and the years of 
working experience that involve precast 
construction project. Part B is related to the proper 
planning and preparation works before the 
installation process of the component start. Part C 
is related to safety level practiced by the employer 
during the installation process carried out on site. 
Part D is related to the safety aspects during 
component installation, which concern to the 
technical requirements procedures that usually 
practiced in the construction of precast concrete. 
Part D focuses on the general safety and 
requirements for the crane operation during 
installation precast concrete component performed 
on site. 
 
The purpose of this survey was carried out to meet 
the three objectives of the research study on 
precast concrete installation process, identify the 
safety level practiced by the contractor using 
precast concrete construction and to identify the 
safety aspects during the installation process of 
precast concrete. This is done by doing observation 
and learn the process of installation of precast 
concrete in the construction site, see if the 
companies involved in the installation of these 
components practicing safety and see how far the 
practicable safety of level during installation work 
that carried out. Questionnaires were answered as 
survey results and an analysis is displayed in the 
form of pie charts or graphs to facilitate reader 
understanding. All data were analyzed will be 
compared with literature review conducted and 
finally the conclusion will be made. 
 
 
 
 
 
3.0 Data analysis process 
 
Once the questionnaires returned by respondens, 
data were analyzed to obtain the desired results. 
The data were collected, analyzed it and doing 
comparison by literature review made for making 
discussions, and conclusions of the study. 
 
For the information such as background, and 
experience of firms in the construction of precast 
concrete in Part A can be categorized as nominal 
variables were analyzed using simple percentage 
value to describe the relationship between each 
other. This method is used to determine the 
percentage of respondents surveyed frequency. 
Some of the questions in Part C and D are also 
used simple percentages where the answer is to be 
marked as appropriate and the respondens 
knowledge, based on the options provided. 
Percentage value can be measured by the following 
method of calculation. 
 
Percentages  
= No. of respondens that answer the question x 100 
/ No of respondents 
 
To analyze the safety level of concern, and also the 
level of safety practiced by employers in the B, C 
and D question is using a Likert Scale, where the 
calculation of the mean and the percentage will be 
used. Mean obtained, based on the scores on the 
answer. The formula for the calculation of scores, 
means and percentages are as follows (Anne 
Wetmore, 2012) 
 
Total of Score = Scale Frequency x Scale Score 
Mean (X) = Total of Score (X) / Number of 
Respondents (n) 
 
4.0 Results and discussions 
 
A total of 80 questionnaires were distributed to 
respondens around the state of Penang for 
construction projects using precast concrete, and 
as a result of the circulation, by 56 respondents had 
answered the questionnaire. The number of 
questionnaires that were answered is very 
satisfying which is 70% of the total. This shows that 
the employer and the contractor are highly noted 
and well cooperated. Figure 1 shows the numbers 
of the respondens feedback. 
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Figure 1 : Respondens Feedback 
  
4.1 Planning and preparatory work 
 
Figure 2 : The mean score of preparatory works 
before actual installation 
 
The proper planning and preparatory works are 
required before the actual erection of precast 
concrete elements to ensure efficient and quality 
installation. Some items are should be carefully 
planned. The prior to the installation of the precast 
concrete elements and very important to consider 
the work items and checklists. The installation 
procedures are followed by the installation 
requirement that is specified for the installation of 
vertical and horizontal component. It’s important to 
follow the requirements such as setting out, lifting 
work, placing the component, stabilizing by bracing 
or propping and joint casting.  
 
The bar chart in Figure 2 above shows that almost 
the respondens with 86% score to the mean of 4.85 
in scale due to strongly agree which is that is 
important to have proper planning and preparatory 
works to have efficient and quality installation. The 
value score for the installation procedures have to 
follow the installation requirement that specified for 
the installation of vertical and horizontal component 
and the importance of consideration work items and 
checklist before the installation work start noticing 
that the mean score of level are increasing by 4.7 
and above. Based on the result, it can be concluded 
that the safety aspect of concern by the contractor 
in Penang due to proper planning and preparatory 
work done before actual installation with extremely 
good level of safety aspect to overcome the safely 
work on site and the installation work done with 
efficiency.  
 
4.2 Safety level of installation process  
 
 
Figure 3 : The mean score of safety level on 
precast concrete installation 
 
A conclusion can be made for the safety level 
practiced by the contractors during installation work 
of precast concrete components on site was based 
on the flow of the installation process. The lifting 
process is the most critical activities in the process 
of installation of precast components. Some 
precautions should be implemented during the 
period. The workers or anyone who is close to the 
work of lifting components that are not under the 
components during this work is being in progress 
(CIDBDigest, 2005)(b). 
 
The bar chart in Figure 3 above shows the mean 
score of safety level that concerned by the 
contractor are in very good level in average. The 
highest 86% of the respondens are at a scale of 
4.86 that scoring to the perception of safety 
awareness as an important aspect to the installer. 
While the perception of the safety knowledge and 
the criteria in Penang noticing the same percentage 
of 68% with 4.68 mean scale. The satisfaction with 
the safety level at site currently and the 
effectiveness of safety level due to workers attitude 
during installation are in score mean of 4.0 and 
above in respectively.  
 
 It can be seen where almost all the respondents 
gave positive feedback due to the provision of 
safety equipment for their workers in order to carry 
out the installation works with more safe and not 
harmful. The comparison can be made due to the 
result from Figure 2 and Figure 3 are when proper 
planning and preparatory work is in very good in 
level of practicing then the level of safety during the 
installation process is resulting higher in their 
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proper awareness level, satisfaction level and 
knowledge level. It can be concluded that this is a 
very good manner of safety level of concern by the 
respondens in Penang. 
 
High percentage of respondens concern also 
noticing that the contractor or the employer does 
not have any problem to train workers to follow the 
safety procedures as they are aware of the 
importance to train workers to have a responsible 
and disciplined manner in which this attitude can 
affect the level of a good safety during installation 
work that carried out. In addition, the employer is 
aware of the importance of safety during the 
installation where the tool box meeting is carried out 
systematically thus it is showing a very good level 
of safety. This is to ensure hazard control measures 
are successfully implemented, a detailed 
explanation must be given to workers on safety 
procedures that practiced by the company. This can 
be accomplished by conducting Safety Talk or Tool 
Box Meeting operated by qualified personnel such 
as Safety Officer (Ahmad Ikhwan, 2007). Therefore, 
it can be concluded that the safety level that applied 
by the contractor in Penang during component 
installation is in an extremely good. 
 
 
Figure 5 : The numbers of respondent that provide 
PPEs to their workers  
 
The workers should be provided with Personal 
Protective Equipment (PPE) in order to protect 
workers during construction work in progress 
(DOSH, 1994). The bar chart in Figure 5 shows the 
numbers of responden that provide PPE to their 
workers. Questions posed to the respondens 
whether their companies provides safety devices for 
their workers. Found 75% of respondens stated that 
their companies provide almost all kinds of safety 
devices for their workers. However, by 6% of 
respondens stated that they do not provide 
respiratory protection equipment, head protection, 
electrical protection devices and hand protection. 
19 % of respondens expressing a little unsure 
whether they provide safety devices for their 
workers or not. It can be seen that even there have 
some respondens did not provide some kind of PPE 
but they know that PPE should be provided for any 
construction project. However, the installation work 
still done safely and did not any accidents 
happened. That is mean the safety level of 
providing PPE by the employer in Penang is at a 
good level. Tools such as safety helmets, eye or 
face protection devices and safety belts must be 
provided and the responsibility of companies to 
ensure the equipment is used by workers in the 
right way also.  
 
4.3 The safety aspect and the requirements of 
installation process 
 
From the Figure 6 below, the safety aspects shows 
a good level. The percentage shows the high level 
of perception of having written permission from 
Safety Supervisor in Penang scoring 68%. The rest 
37% of respondents stated that propping take off is 
required to obtain instructions from the Erection 
Design Engineer. 
 
This can be seen where almost respondens (75%) 
in Penang as mention above, provide Personal 
Protective Equipment (PPE) to their workers and 
evidently got a good feedback which the workers 
use every single Personal Protective Equipment 
(PPE) that has been provided to them.  
 
Before starting lifting the components, danger zone 
for crane operation must be provided so that the 
crane has sufficient space to work to avoid any 
unwanted accident and safely operational 
conducted. Only those involved in the installation 
work of precast components may be in the area 
(WSHQ, 2003). However, attention should be taken 
by the personnel involves so that he would not in a 
position that allows him vulnerable to crushed or 
stamped by the components. If necessary, warning 
signs or fences should be established around the 
work area.  
 
 
Figure 6 : The qualified personnel given written 
permission to allow for take off the propping  
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Bracing or propping device should be checked each 
time before it is used to ensure that the instrument 
is in good condition. Bracing can only be opened 
after the last extension works were carried out 
either grouting method or welding. In addition, the 
brace also can only be opened after obtaining 
instructions from the Erection Design Engineer.  
(CIDB, 2009).  
 
From the Figure 6 shows above, the result from the 
data found that, the procedure for opening bracing 
or propping is must get written instructions from the 
Project Design Engineer, but most respondens got 
written instructions from the Safety Supervisor. This 
arises because, Safety Supervisor in the 
construction site was given the responsibility and 
trust by the employer to issue instructions and each 
visited of construction sites remains in a safe 
condition and no accidents were reported. This 
shows that responsible personnel in supervising 
safety of the site, also have an important role to 
ensure that the need to get the work done safely as 
long as the component assembly in accordance 
with the proper procedures work instructions. 
 
 
Figure 7 : The requirements for the crane 
operational 
 
Before being allowed to operate cranes, several 
things need to be checked which is the site for the 
crane work, communication devices such as walkie-
talkies, conditions and heavy components to be 
lifted, the location for the installation of cranes and 
components as well as the capacity of the crane 
operating radius (WSHQ, 2003). From the 
questions asked, all respondens said that the 
inspection is done every time before a crane 
operation. 
 
To enable the cranes operating at the site, a few 
things need to be obtained, or should have on the 
crane. The crane must have Permit Mesin Angkat 
(PMA), which is obtained through the Department of 
Occupational Safety and Health (DOSH). The crane 
also only be operated by qualified persons, and has 
received training to operate a crane. They should 
also be registered through with DOSH to obtain the 
operating license of a crane. Other recommended 
things to have on a crane that is confirmation 
document for weekly inspection of and periodic 
inspection of have been performed. There are also 
some other things that need to be installed on the 
crane, so the safe use of the crane can be 
monitored. These include safety equipment such as 
hoist over the cut outs, and over the boom cut out, 
as well as a chart that shows the load that can be 
supported by the crane (DOSH, 1994). 
 
From the Figure 7 shows above, most respondens 
in Penang agreed that the crane should have these 
important things. 40% of respondents stated that 
the crane must have a valid Permit Mesin Angkat 
(PMA), and 27% indicated that the crane operated 
by a competent operator. The rest 12% of 
respondens expressed that a crane must be fitted 
with appropriate safety devices, while 20% of the 
respondens stated that the crane has weekly 
inspection and specific inspection documents and 
the crane is installed with load indicator. 
 
It can be concluded that the safety aspects of crane 
operator at the construction site have a good 
percentage which is 51% of the 49 respondens 
have all of the requirement. However, there are only 
6% respondens stating all requirements is required 
as the cranes has a valid Permit Mesin Angkat 
(PMA), operated by a competent operator, crane 
fitted with safety tools such as the hoist over and 
over boom cut out cut outs, cranes carry 
documentation stating weekly inspection and 
detailed inspection was conducted and cranes fitted 
with load indicator. Then, 29% of respondens only 
stated that the cranes has a valid Permit Mesin 
Angkat (PMA) and  operated by a competent 
operator while the rest 14% only have PMA. The 
rest 7 respondens of 56 stated others which is not 
include in the requirements that obtained by DOSH. 
The value of percent noticing a different of 
percentage because respondens are confused with 
the questions given but the safety aspect of this 
condition is at a good level whether the percentage 
show the different level of value. However, the 
employers in Penang still follow the safety 
instruction, method statement and the project 
currently ongoing safely without any danger and the 
workers follow the safety instruction and using 
safety equipment that provided.  
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Figure 8 : The percentage of respondens concern 
of requirements for welding worker 
 
Figure 8 above shows the percentage of 
respondens concern due to the eligibility 
requirements for welding worker in Penang. Based 
on the pie chart, only 27% of respondens indicated 
their welder registered with DOSH, 28% of 
respondens said that their workers has been trained 
for fire control and the rest 45% of respondens 
indicated that employees receive training on how to 
weld. 
 
For the safety aspect of welding work, majority 
respondens indicated that workers receive training 
on how to weld. To ensure that the welding work is 
done properly, a qualified welder only allowed to 
perform welding work. Welder eligible are those 
who have registered with the Department of 
Occupational Safety and Health (DOSH). This 
welder also need to receive training for fire control 
(DOSH,1994). From the percentage it can be seen 
that, the level of percentage is close to equal which 
is most respondens concern on due to fulfil the 
needs of requirement as a welder. Although there 
are some respondens confused with the questions 
given but they still answering one of them. 
However, it can be concluded that the safety aspect 
for the welding work is at an extremely good level 
where welder doing the welding works in which 
meet the criteria such as, required to be registered 
with the Department of Occupational Safety and 
Health (DOSH), have received training for fire 
control, and know the ways of proper welding and 
the work still done safely. 
 
5. Conclusion 
 
The same as conventional construction, the 
construction using precast is also not spared from 
danger or hazard during construction work. The 
safety aspects on precast concrete installation 
process has been identified. All information is 
derived from the literature findings, the visits were 
conducted to the construction site, conducted 
interviews and distributed questionnaire. The 
results indicate that the safety aspect implemented 
by the companies involved in the precast 
construction project is at a good level whether 
during bracing work, propping work, welding work 
and grouting work process and found that the 
general safety and the safety aspect during lifting 
process are in a very good level. These are a few 
safety aspects and requirement during installation 
process such as construction site workers equipped 
with Personal Protective Equipment (PPE) and etc. 
In conclusion with the existence of this study, it has 
boosted up knowledge and detail information is 
given due to the safety aspect in Industrialized 
Building System using precast concrete and 
improvement the step of awareness is on the road 
to  zero percent of accidents in Penang. From the 
study, safety aspects implemented by companies 
involved in the precast installation process in 
Penang is at an extremely good level. 
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1.0 Introduction 
 
Wood ash is a by-product that is made of 
combustion from wood-fired boilers, basically at a 
typical paper mills and other wood burning facilities 
in Malaysia.  There are approximately three million 
tons of wood ash is produced annually in the United 
States.  By adding that, approximately 70% of the 
wood ash is being landfill, around 20% is being 
used as soil supplement, and the remaining 10% is 
being used in other applications.  It was found that 
wood ash is composed of both inorganic and 
organic compounds. Other than that, the chemical 
and physical properties of wood ash differ 
significantly depending upon various factors. This 
factors consist of type or species of trees/wood, 
method and mode of combustion, competency of 
the boiler, and other additional fuel used with wood.  
The materials are used in this study are High 
Calcium Wood Ash (HCWA) and Pulverized Fly Ash 
(PFA) which will be use as the replacement of 
cement.  Using Fly Ash as a cement replacement 
reduces the overall CO2 trail of the concrete. When 
Pulverized Fly Ash is used in concrete 
environmental savings can equate to 20% reduction 
in overall CO2 emissions for 30% Fly Ash content 
(based on mixes designed with equal 28 day 
strengths). 
Fly Ash, is also known as pulverized fly ash (PFA) 
is the ash that is resulting from the burning of 
pulverized coal in coal-fired electricity power 
stations factory. The ash is very fine and it is 
removed from the flue gases by electrostatic 
precipitators. Kumar (2003) carried out experiments 
in the laboratory to study the properties and 
durability of fly ash-lime-phosphogypsum (FaL-G) 
hollow blocks as a potential substitute for 
conventional burnt clay hollow bricks or concrete 
hollow blocks in construction industry. 
The enormous amount of wastes produced during 
wood processing operations in many countries 
provides opportunities for the use of wood waste as 
a construction material. With PFA consist of  450 
million tons produced per year and wood ash both 
are equal to large volume that needs space to be 
place. There is much to be concern about the waste 
disposal of wood ash as it will contaminate the 
groundwater. 
The scope of research for achieving the goal is to 
focus on the cementless concrete block 
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performance. This is to find the optimum forming 
pressure for fabrication of High Calcium Wood Ash 
(HCWA) and Pulverized Fuel Ash (PFA) 
cementless mortar block. The forming pressure will 
be conducted using Brepack Block Compressor 
from the ranging of 24.1 – 65.5 MPa which consist 
of 7 different forming pressures. To obtain the 
result, all block will be tested for Compressive 
Strength, the Dynamic Modulus and the Ultrasonic 
Pulse Velocity (UPV) to detect any cracks. The 
analysis of data will be performed to identify the 
optimum level of hydraulic press forming pressure 
with reference to the laboratory results obtained. 
The scope of research is also the study on the 
optimum hygrothermal curing temperature for 
HCWA and PFA cementless concrete block to 
achieve durability and mechanical performance. 
The hygrothermal curing temperature will be 
ranging between 60°C – 100°C to identify the 
suitable temperature for the post forming curing of 
the cementless blocks using the hygrothermal 
curing tank. 
 
2.0 Materials and Composition 
 
2.1 Materials 
 
High Calcium Wood Ash (HCWA) 
 
HCWA is a byproduct acquired from an industrial 
scale fully automatic boiler unit (commercially 
known as Bio-Turbomax industry. The wood 
biomasses used as fuel in the boiler were derived 
from local rubber wood species dominantly Hevea 
brasiliensis. The wood biomasses were incinerated 
under a self sustained burning condition within an 
atmosphere with a turbulent air flow supplied by an 
in-built air pump unit. The temperature of 
incineration was maintained within the range of 800 
±10°C. Raw wood ash extracted from the boiler unit 
was sieved through a laboratory sieve with an 
opening size of 150 µm to remove large 
agglomerated ash particles and carbonaceous 
materials. Ash passing the 150 mm sieve was then 
ground in a ring mill until a fine mean particle 
diameter (d50) of 8.39 µm material was attained. 
The chemical compositions of HCWA are presented 
in Table 1. 
      The results of X-ray fluorescence analysis on 
HCWA and PFA are presented in Table 1. From the 
test results, it can be observed that the major oxide 
compounds present in HCWA are CaO, MgO and 
K2O which comprise 61, 8.7 and 12% of the total 
mass, respectively. Large compositions of CaO of 
the ash indicates that the ash could be hydraulically 
reactive (Rajamma et al., 2009). A significant 
amount of K2O present is indicative that HCWA has 
a high level of alkalinity. Other substances namely 
CI, TiO2, MnO, Rb2O and AI2O3, SiO2, P2O5, SO3, 
Fe2O3, CuO were detected in minor quantities. The 
loss on ignition of HCWA is probably was found to 
be 18%. The significant loss on ignition of HCWA is 
probably due to partial thermal decomposition of 
calcium carbonated phases into the calcium oxide 
followed by the release of carbon dioxide at the test 
temperature (50°C) (Zelic et al., 2000). 
 
Pulverized Fly Ash (PFA) 
 
Fly Ash, is also known as pulverized fly ash (PFA) 
is the ash that is resulting from the burning of 
pulverized coal in coal-fired electricity power 
stations factory. The ash is very fine and it is 
removed from the flue gases by electrostatic 
precipitators. Kumar (2003) carried out experiments 
in the laboratory to study the properties and 
durability of fly ash-lime-phosphogypsum (FaL-G) 
hollow blocks as a potential substitute for 
conventional burnt clay hollow bricks or concrete 
hollow blocks in construction industry. 
       Using Fly Ash as a cement replacement 
reduces the overall CO2 trail of the concrete. When 
Pulverized Fly Ash is used in concrete 
environmental savings can equate to 20% reduction 
in overall CO2 emissions for 30% Fly Ash content 
(based on mixes designed with equal 28 day 
strengths). 
        Different proportions of fly ash, lime and 
calcinedphosphogypsum were used to investigate 
their effect on the compressive strength and water 
absorption of FaL-G hollow blocks in accordance to 
IS: 3952:1988. The durability of FaL-G hollow 
blocks was investigated by curing the blocks in the 
aggressive environments of sulfate solution. Fly ash 
was used at the contents ranging between 20-80% 
by total weight of dry materials. Hydrated lime was 
used at the contents ranging between 10-60% by 
total weight of dry material. 
         The chemical composition of PFA is 
somewhat different from Portland cements. It will 
not hydrate with water directly but needs lime and 
water to hydrate. In concrete the lime required 
arises from the hydration of the cement. Fly ash is 
always used in combination with Portland cement, 
typically in the range 80% Pc and 20% fly ash to 
60% Pc and 40% fly ash, depending on the 
application. 
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Table 1: Chemical Composition and physical 
properties of HCWA and PFA 
 % by total mass 
Chemical 
compund 
 
 
HCWA 
PFA 
MgO 8.70 5.94 
AI2O3 1.30 17.61 
SiO2 2.70 43.22 
P2O5 2.70 0.23 
SO3 2.80 - 
CI 0.10 - 
K2O 12.00 1,31 
CaO 61.00 11.28 
TiO2 0.11 0.88 
MnO 0.86 0.14 
Fe2O3 1.30 13.73 
ZnO 0.10 - 
SrO 0.22 - 
PbO Trace - 
CuO 0.01 - 
Rb2O   0.05 - 
C0.05 6.70 1.80 
Na2O6.70 n/d 0.43 
Loss ignition 
(%) 
18.00 1.80 
 
2.2 Design Mix, Batching and Cast 
 
For the design mix, Binder: Sand, ration of 1: 2.25 
where the quantity of sand use in the mixture is 
28.0 kg and water is 5.6 kg. Whereas for the HCWA 
the quantity is 10.0 kg and PFA is 2.5 kg.  
 
As for the batching and cast, the machine use is 
Epcydic mixer to mix the materials. For the 
hygrothermal temperature at 60°C the total 
specimens are 27 blocks with 7 batches casted. On 
the other hand for the temperature at 70°C, 80°C, 
90°C and 100°C, the total specimens are 16 blocks 
where 4 batches are cast. All together total 
specimens of 43 blocks. 
2.3 Forming Pressure and Curing Regime 
 
For the press forming brick, the machine use is 
Brepack Block Compressor to form the brick as 
been shown in Figure 1. The blocks were formed 
using various forming pressure and subsequently 
cured as follows: 
1) For hygrothermal temperature at 60°C the 
pressure used are 24.1, 31.0, 37.9, 44.8, 
51.6, 58.6 and 65.5 (MPa). 
2) For hygrothermal temperature at 70°C, 
80°C, 90°C and 100°C the pressure used 
are 44.8, 51.6, 58.6 and 65.5 (MPa). 
 
  
Figure 1:Brepack block compressor 
 
As for the curing regime of the specimens, the 
machine used is Accelerated Curing Tank (Figure 
2) that will accelerate the hydration process of 7 
days to 28 days of specimens. There is several 
ranging temperature use which is the hygrothermal 
temperature at 60°C to 100°C for a day after 
specimens have set down for 7 days. 
 
 
Figure 2: Specimens were placed in Accelerated 
Curing Tank 
 
3.0 Experimental Set-up 
 
3.1 Compressive Strength Test 
 
The size of block use in the test is 290x140x110mm 
according to the size of the press forming brick. The 
machine use to obtain the compression strength is 
Gotech GT 7001 – British Standard BS300 as been 
shown in Figure 3. 
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Figure 3: Gotech GT 7001 compressive strength 
machiine 
 
3.2 Ultrasonic Pulse Velocity (UPV) 
 
The test was performed block specimen with 
dimension of 290x140x110mm (Figure 4). The 
transmission of an ultrasonic pulse was performed 
by direct transmission method through a constant 
path length of 290 mm between transducers. In 
order to ensure high accuracy and consistency of 
results, petroleum gel was applied between the face 
of transducer and the mortar surface perpendicular 
to the pulse propagation direction. The average 
value of pulse velocity was determined from four 
test blocks fabricated for the non-destructive tests 
from each batch of mortar mix produced. This test 
is based on the British Standards BS EN 12504: 
Part 4. 
 
 
Figure 4: Ultrasonic pulse velocity test 
 
3.3 Dynamic Modulus Elasticity Test 
 
There is a strong correlation between dynamic 
modulus of elasticity and the structural stiffness and 
deformation process of concrete structures (Khan, 
2012). The dynamic modulus of elasticity was 
determined from the fundamental resonant 
frequency following the procedures described in the 
American Standard ASTM C215 (ASTM, 2002) as 
been shown in Figure 5. The test was conducted by 
excitation in the longitudinal mode of vibration on 
the 110 x 140 mm end face of a block with a path 
length of 290 mm. 
 
 
Figure 5: Dynamic modulus elasticity test 
 
4.0  Results and discussions 
 
4.1 Average UPV (m/s) 
 
Table 1 and Figure 6, show the average value for 
ultrasonic pulse velocity. As we can see the highest 
average UPV value was achieved for the 
hygrothermal temperature of 70°c and forming 
pressure value of 65.5 MPa which is 4175.8 m/s. 
On the other hand the lowest average UPV value 
was recorded for hygrothermal temperature of 70°c 
with forming pressure value of 44.82 MPa and the 
lowest average value for the velocity is 3244.4 m/s. 
 
Table 1: The average value of Ultrasonic Pulse 
Velocity for cementless block at various 
hygrothermal curing temperature and press forming 
pressure (m/s) 
 
Temp.(°C) 60 70 80 90 100 
Pressure      
44.8 2956.3 2430.5 2623.8 2794.3 2988.5 
51.6 2800.5 2932.3 2622.3 2431.5 2570.0 
58.6 2800.8 2885.5 2505.0 2463.5 2559.0 
65.5 2844.8 2966.3 2693.0 2749.8 2798.5 
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Figure 6: The variation of ultrasonic pulse velocity 
of pressed formed brick with hygrothermal curing 
temperature and press forming pressure. 
 
4.2 Average Dynamic Modulus (GPa) 
 
Table 2 and Figure 7, show the average dynamic 
modulus with different hygrothermal temperature. 
The highest average dynamic modulus elasticity 
value for press forming pressure is at 65.5 MPa and 
the hygrothermal temperature of 90°c. Meanwhile 
the lowest average dynamic modulus elasticity 
value for forming pressure is 44.82 MPa and 
temperature of 70°c. As for the highest and lowest 
average dynamic modulus values, they are 12.80 
GPa and 8.22 GPa respectively. 
 
Table 2: The average value of Dynamic Modulus 
for cementless block at various hygrothermal curing 
temperature and press forming pressure ( GPa) 
 
Temp.( °C) 60 70 80 90 100 
Pressure(MPa)      
44.8 14.3 7.7 6.5 10.9 13.6 
51.6 12.4 10 10.3 10 10.5 
58.6 12.7 12 10.2 10.6 9.7 
65.5 12.6 11.8 11.9 12 13 
 
 
Figure 7: The variation of dynamic modulus of 
pressed formed brick with hygrothermal curing 
temperature and press forming pressure. 
 
4.3 Average Compressive Strength (MPa)  
 
Table 4.3 and Figure 8, shows the average 
compressive strength with different hygrothermal 
curing temperature. The highest average 
compressive strength value for forming pressure is 
44.8 MPa and the hygrothermal temperature of 
100°c. Whereas, the lowest average compressive 
strength values of forming pressure of 44.8MPa and 
the hygrothermal temperature of 70°c. The average 
values for compressive strength of the highest and 
lowest strength are 10.12 MPa and 4.46MPa 
respectively. 
 
Table 3: The average value of Compressive 
Strength for cementless block at hygrothermal 
curing temperature and press forming pressure 
( MPa) 
Pressure(MPa 44.8 51.6 58.6 65.5 
Temp. (°C)     
60 8.78 6.31 5.32 6.12 
70 4.46 7.28 6.78 6.86 
80 5.96 6.06 5.92 8.64 
90 8.46 5.22 5.76 9.29 
100 10.12 5.48 5.35 8.26 
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Figure 8: The variation of compressive strength of 
pressed formed brick with hygrothermal curing 
temperature and press forming pressure. 
 
5. Conclusion 
 
This research has established the optimum forming 
pressure and hygrothermal temperature of HCWA 
and PFA cementless concrete block performance. 
The result complies with the objective that was 
stated earlier and shows good relationship of 
dynamic modulus elasticity test, UPV test and 
compressive test. The optimum press forming 
pressure is at 44.8 MPa and the hygrothermal 
temperature at 100°C for the highest compressive 
strength to be achieved. Same forming pressure of 
44.8 MPa produced higher dynamic modulus at 
60°C temperature. On the other hand, for the UPV 
test the forming pressure is differ at 65.5 MPa and 
temperature at 70°C. This means that the optimum 
press forming pressure is 44.8 MPa at 
recommended hygrothermal temperature at 60°C, 
70°C and 100°C. Most of the cementless blocks 
formed have compressive strength which is exceed 
the requirement of BS 3921: 1985 of 5.2 MPa to 
qualify as a load bearing brick. This means the 
cementless concrete block can build a house with 2 
storeys height. Cementless concrete block which 
satisfy the requirement can be fabricated using 
wood ash and fly ash as the sole binder.  
 
 
6. References 
 
(1) Tarun R. Naik, Rudolph N. Kraus, And Rafat 
Siddique (2003) Use Of Wood Ash In Cement-
Based Materials, http://www.cbu-
uwm.info/abstracts/03-513.pdf, Cbu-19 
(2) Chee Ban Cheah and Mahyuddin Ramli (2011) The 
implementation of wood waste ash as a partial 
cement replacement material in the production of 
structural grade concrete and mortar: An overview, 
Resources, Conservation and Recycling, pp.669–
685. 
(3) Tarun R. Naik, Rafat Siddique, and Rudolph N. 
Kraus (2002) Properties Of Flowable Slurry 
Containing Wood Ash, Sixth CANMET/ACI 
International Conference on Durability of Concrete, 
Thessaloniki, Greece, CBU-14, pp. 467. 
(4) Tarun R. Naik,  Rudolph N. Kraus,  Rafat Siddique, 
and Yoon-Moon Chun (2004) Properties of 
Controlled Low-Strength Materials Made with Wood 
Fly Ash, Journal of ASTM International. Vol.1, No. 
6. 
(5) Chee Ban Cheah, Mahyuddin Ramli (2013)The 
engineering properties of high performance 
concrete with HCWA–DSF supplementary binder, 
Construction and Building Materials. Volume 40, pp. 
93–103. 
(6) M.Criado, A. Fernandez-Jimenez, A. Palomo (2010) 
Alkali Activation of Fly Ash. Part III : Effect of Curing 
Conditions on Reaction And Its Graphical 
Description, Journal of Fuel. 89, pp. 3185-3192. 
(7) C.Friedin (2007) Cementless Pressed Blocks From 
Waste Products of Coal-Firing Power Station, 
Construction and Building Materials, 21, pp.12-18. 
(8) S.P Raut, R.V. Ralengaonkar, S.A. Mandavgane 
(2011) Development of Sustainable Construction 
Material Using Industrial and Agricultural Solid 
Waste: A Review of Waste -Creat Bricks, 
Construction And Building Materials. 25, pp. 4037-
4042. 
(9) Seong-Seok Go, Hyun-Chul Lee, Jae-Yong Lee, Ji 
Hyun Kim, Chul-Woo Chung (2009) Experimental 
Investigation Of Mortar Using Activated Hwangtoh, 
Construction and Building Materials. 23, pp. 1438-
1445. 
(10) Keun-Hyeok Yang, Ah-Ram Cho, Jin-Kyu Song, 
Sang-HoNam (2012) Hydration Products And 
Strength Development Of Calcium Hydroxide-Based 
Alkali-Activated Slag Mortars, Construction and 
Building Materials. 29, pp. 410-419. 
(11) Saeed Ahmari, Lianyang Zhang (2012) Production 
of Eco-Friendly Bricks From Copper Mine Tailings 
Through Geopolymerization, Construction and 
Building Materials. 29, pp. 323-331. 
(12) J.E. Oti, J.M. Kinuthia (2012) Stabilised Unfired 
Clay Bricks For Environmental and Sustainable 
Use. Applied Clay Science.  58, pp. 52-59. 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 
 
 166 
 
(13) Dongxu Li, Yimin Chen, Jinlin Shen, Jiaohua Su, 
Xuequan Wu (2000) The Influence of Alkalinity On 
Activation and Microstructure of Fly Ash, Cement 
and Concrete Research. 30, pp. 881-886. 
(14) Palomo, M.W. Grutzeck, M.T. Blanco (1999) Alkali-
Activated Fly Ashes A Cement for the Future, 
Cement and Concrete Research. 29, pp. 1323-
1329. 
(15) Keun-Hyeok Yang, Hey-Zoo Hwang, Sun-Young 
Kim, Jin-Kyu Song (2007) development of a 
Cementless Mortar Using Hwangtoh Binder, 
Building and Environment. 42, pp. 3717-3725. 
(16) Keun-Hyeok Yang, Jae-Il Sim, Sang-Ho Nam 
(2010) Enhancement of Reactivity of Calcium 
Hydroxide –Activate Slag Mortars by The Addition 
of Barium Hydroxide, Construction and Building 
Materials. 24, pp. 241-251. 
 
 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 
 
 160 
1.0 Introduction 
 
Wood ash is a by-product that is made of 
combustion from wood-fired boilers, basically at a 
typical paper mills and other wood burning facilities 
in Malaysia.  There are approximately three million 
tons of wood ash is produced annually in the United 
States.  By adding that, approximately 70% of the 
wood ash is being landfill, around 20% is being 
used as soil supplement, and the remaining 10% is 
being used in other applications.  It was found that 
wood ash is composed of both inorganic and 
organic compounds. Other than that, the chemical 
and physical properties of wood ash differ 
significantly depending upon various factors. This 
factors consist of type or species of trees/wood, 
method and mode of combustion, competency of 
the boiler, and other additional fuel used with wood.  
The materials are used in this study are High 
Calcium Wood Ash (HCWA) and Pulverized Fly Ash 
(PFA) which will be use as the replacement of 
cement.  Using Fly Ash as a cement replacement 
reduces the overall CO2 trail of the concrete. When 
Pulverized Fly Ash is used in concrete 
environmental savings can equate to 20% reduction 
in overall CO2 emissions for 30% Fly Ash content 
(based on mixes designed with equal 28 day 
strengths). 
Fly Ash, is also known as pulverized fly ash (PFA) 
is the ash that is resulting from the burning of 
pulverized coal in coal-fired electricity power 
stations factory. The ash is very fine and it is 
removed from the flue gases by electrostatic 
precipitators. Kumar (2003) carried out experiments 
in the laboratory to study the properties and 
durability of fly ash-lime-phosphogypsum (FaL-G) 
hollow blocks as a potential substitute for 
conventional burnt clay hollow bricks or concrete 
hollow blocks in construction industry. 
The enormous amount of wastes produced during 
wood processing operations in many countries 
provides opportunities for the use of wood waste as 
a construction material. With PFA consist of  450 
million tons produced per year and wood ash both 
are equal to large volume that needs space to be 
place. There is much to be concern about the waste 
disposal of wood ash as it will contaminate the 
groundwater. 
The scope of research for achieving the goal is to 
focus on the cementless concrete block 
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performance. This is to find the optimum forming 
pressure for fabrication of High Calcium Wood Ash 
(HCWA) and Pulverized Fuel Ash (PFA) 
cementless mortar block. The forming pressure will 
be conducted using Brepack Block Compressor 
from the ranging of 24.1 – 65.5 MPa which consist 
of 7 different forming pressures. To obtain the 
result, all block will be tested for Compressive 
Strength, the Dynamic Modulus and the Ultrasonic 
Pulse Velocity (UPV) to detect any cracks. The 
analysis of data will be performed to identify the 
optimum level of hydraulic press forming pressure 
with reference to the laboratory results obtained. 
The scope of research is also the study on the 
optimum hygrothermal curing temperature for 
HCWA and PFA cementless concrete block to 
achieve durability and mechanical performance. 
The hygrothermal curing temperature will be 
ranging between 60°C – 100°C to identify the 
suitable temperature for the post forming curing of 
the cementless blocks using the hygrothermal 
curing tank. 
 
2.0 Materials and Composition 
 
2.1 Materials 
 
High Calcium Wood Ash (HCWA) 
 
HCWA is a byproduct acquired from an industrial 
scale fully automatic boiler unit (commercially 
known as Bio-Turbomax industry. The wood 
biomasses used as fuel in the boiler were derived 
from local rubber wood species dominantly Hevea 
brasiliensis. The wood biomasses were incinerated 
under a self sustained burning condition within an 
atmosphere with a turbulent air flow supplied by an 
in-built air pump unit. The temperature of 
incineration was maintained within the range of 800 
±10°C. Raw wood ash extracted from the boiler unit 
was sieved through a laboratory sieve with an 
opening size of 150 µm to remove large 
agglomerated ash particles and carbonaceous 
materials. Ash passing the 150 mm sieve was then 
ground in a ring mill until a fine mean particle 
diameter (d50) of 8.39 µm material was attained. 
The chemical compositions of HCWA are presented 
in Table 1. 
      The results of X-ray fluorescence analysis on 
HCWA and PFA are presented in Table 1. From the 
test results, it can be observed that the major oxide 
compounds present in HCWA are CaO, MgO and 
K2O which comprise 61, 8.7 and 12% of the total 
mass, respectively. Large compositions of CaO of 
the ash indicates that the ash could be hydraulically 
reactive (Rajamma et al., 2009). A significant 
amount of K2O present is indicative that HCWA has 
a high level of alkalinity. Other substances namely 
CI, TiO2, MnO, Rb2O and AI2O3, SiO2, P2O5, SO3, 
Fe2O3, CuO were detected in minor quantities. The 
loss on ignition of HCWA is probably was found to 
be 18%. The significant loss on ignition of HCWA is 
probably due to partial thermal decomposition of 
calcium carbonated phases into the calcium oxide 
followed by the release of carbon dioxide at the test 
temperature (50°C) (Zelic et al., 2000). 
 
Pulverized Fly Ash (PFA) 
 
Fly Ash, is also known as pulverized fly ash (PFA) 
is the ash that is resulting from the burning of 
pulverized coal in coal-fired electricity power 
stations factory. The ash is very fine and it is 
removed from the flue gases by electrostatic 
precipitators. Kumar (2003) carried out experiments 
in the laboratory to study the properties and 
durability of fly ash-lime-phosphogypsum (FaL-G) 
hollow blocks as a potential substitute for 
conventional burnt clay hollow bricks or concrete 
hollow blocks in construction industry. 
       Using Fly Ash as a cement replacement 
reduces the overall CO2 trail of the concrete. When 
Pulverized Fly Ash is used in concrete 
environmental savings can equate to 20% reduction 
in overall CO2 emissions for 30% Fly Ash content 
(based on mixes designed with equal 28 day 
strengths). 
        Different proportions of fly ash, lime and 
calcinedphosphogypsum were used to investigate 
their effect on the compressive strength and water 
absorption of FaL-G hollow blocks in accordance to 
IS: 3952:1988. The durability of FaL-G hollow 
blocks was investigated by curing the blocks in the 
aggressive environments of sulfate solution. Fly ash 
was used at the contents ranging between 20-80% 
by total weight of dry materials. Hydrated lime was 
used at the contents ranging between 10-60% by 
total weight of dry material. 
         The chemical composition of PFA is 
somewhat different from Portland cements. It will 
not hydrate with water directly but needs lime and 
water to hydrate. In concrete the lime required 
arises from the hydration of the cement. Fly ash is 
always used in combination with Portland cement, 
typically in the range 80% Pc and 20% fly ash to 
60% Pc and 40% fly ash, depending on the 
application. 
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Table 1: Chemical Composition and physical 
properties of HCWA and PFA 
 % by total mass 
Chemical 
compund 
 
 
HCWA 
PFA 
MgO 8.70 5.94 
AI2O3 1.30 17.61 
SiO2 2.70 43.22 
P2O5 2.70 0.23 
SO3 2.80 - 
CI 0.10 - 
K2O 12.00 1,31 
CaO 61.00 11.28 
TiO2 0.11 0.88 
MnO 0.86 0.14 
Fe2O3 1.30 13.73 
ZnO 0.10 - 
SrO 0.22 - 
PbO Trace - 
CuO 0.01 - 
Rb2O   0.05 - 
C0.05 6.70 1.80 
Na2O6.70 n/d 0.43 
Loss ignition 
(%) 
18.00 1.80 
 
2.2 Design Mix, Batching and Cast 
 
For the design mix, Binder: Sand, ration of 1: 2.25 
where the quantity of sand use in the mixture is 
28.0 kg and water is 5.6 kg. Whereas for the HCWA 
the quantity is 10.0 kg and PFA is 2.5 kg.  
 
As for the batching and cast, the machine use is 
Epcydic mixer to mix the materials. For the 
hygrothermal temperature at 60°C the total 
specimens are 27 blocks with 7 batches casted. On 
the other hand for the temperature at 70°C, 80°C, 
90°C and 100°C, the total specimens are 16 blocks 
where 4 batches are cast. All together total 
specimens of 43 blocks. 
2.3 Forming Pressure and Curing Regime 
 
For the press forming brick, the machine use is 
Brepack Block Compressor to form the brick as 
been shown in Figure 1. The blocks were formed 
using various forming pressure and subsequently 
cured as follows: 
1) For hygrothermal temperature at 60°C the 
pressure used are 24.1, 31.0, 37.9, 44.8, 
51.6, 58.6 and 65.5 (MPa). 
2) For hygrothermal temperature at 70°C, 
80°C, 90°C and 100°C the pressure used 
are 44.8, 51.6, 58.6 and 65.5 (MPa). 
 
  
Figure 1:Brepack block compressor 
 
As for the curing regime of the specimens, the 
machine used is Accelerated Curing Tank (Figure 
2) that will accelerate the hydration process of 7 
days to 28 days of specimens. There is several 
ranging temperature use which is the hygrothermal 
temperature at 60°C to 100°C for a day after 
specimens have set down for 7 days. 
 
 
Figure 2: Specimens were placed in Accelerated 
Curing Tank 
 
3.0 Experimental Set-up 
 
3.1 Compressive Strength Test 
 
The size of block use in the test is 290x140x110mm 
according to the size of the press forming brick. The 
machine use to obtain the compression strength is 
Gotech GT 7001 – British Standard BS300 as been 
shown in Figure 3. 
 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 
 
 163 
 
Figure 3: Gotech GT 7001 compressive strength 
machiine 
 
3.2 Ultrasonic Pulse Velocity (UPV) 
 
The test was performed block specimen with 
dimension of 290x140x110mm (Figure 4). The 
transmission of an ultrasonic pulse was performed 
by direct transmission method through a constant 
path length of 290 mm between transducers. In 
order to ensure high accuracy and consistency of 
results, petroleum gel was applied between the face 
of transducer and the mortar surface perpendicular 
to the pulse propagation direction. The average 
value of pulse velocity was determined from four 
test blocks fabricated for the non-destructive tests 
from each batch of mortar mix produced. This test 
is based on the British Standards BS EN 12504: 
Part 4. 
 
 
Figure 4: Ultrasonic pulse velocity test 
 
3.3 Dynamic Modulus Elasticity Test 
 
There is a strong correlation between dynamic 
modulus of elasticity and the structural stiffness and 
deformation process of concrete structures (Khan, 
2012). The dynamic modulus of elasticity was 
determined from the fundamental resonant 
frequency following the procedures described in the 
American Standard ASTM C215 (ASTM, 2002) as 
been shown in Figure 5. The test was conducted by 
excitation in the longitudinal mode of vibration on 
the 110 x 140 mm end face of a block with a path 
length of 290 mm. 
 
 
Figure 5: Dynamic modulus elasticity test 
 
4.0  Results and discussions 
 
4.1 Average UPV (m/s) 
 
Table 1 and Figure 6, show the average value for 
ultrasonic pulse velocity. As we can see the highest 
average UPV value was achieved for the 
hygrothermal temperature of 70°c and forming 
pressure value of 65.5 MPa which is 4175.8 m/s. 
On the other hand the lowest average UPV value 
was recorded for hygrothermal temperature of 70°c 
with forming pressure value of 44.82 MPa and the 
lowest average value for the velocity is 3244.4 m/s. 
 
Table 1: The average value of Ultrasonic Pulse 
Velocity for cementless block at various 
hygrothermal curing temperature and press forming 
pressure (m/s) 
 
Temp.(°C) 60 70 80 90 100 
Pressure      
44.8 2956.3 2430.5 2623.8 2794.3 2988.5 
51.6 2800.5 2932.3 2622.3 2431.5 2570.0 
58.6 2800.8 2885.5 2505.0 2463.5 2559.0 
65.5 2844.8 2966.3 2693.0 2749.8 2798.5 
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Figure 6: The variation of ultrasonic pulse velocity 
of pressed formed brick with hygrothermal curing 
temperature and press forming pressure. 
 
4.2 Average Dynamic Modulus (GPa) 
 
Table 2 and Figure 7, show the average dynamic 
modulus with different hygrothermal temperature. 
The highest average dynamic modulus elasticity 
value for press forming pressure is at 65.5 MPa and 
the hygrothermal temperature of 90°c. Meanwhile 
the lowest average dynamic modulus elasticity 
value for forming pressure is 44.82 MPa and 
temperature of 70°c. As for the highest and lowest 
average dynamic modulus values, they are 12.80 
GPa and 8.22 GPa respectively. 
 
Table 2: The average value of Dynamic Modulus 
for cementless block at various hygrothermal curing 
temperature and press forming pressure ( GPa) 
 
Temp.( °C) 60 70 80 90 100 
Pressure(MPa)      
44.8 14.3 7.7 6.5 10.9 13.6 
51.6 12.4 10 10.3 10 10.5 
58.6 12.7 12 10.2 10.6 9.7 
65.5 12.6 11.8 11.9 12 13 
 
 
Figure 7: The variation of dynamic modulus of 
pressed formed brick with hygrothermal curing 
temperature and press forming pressure. 
 
4.3 Average Compressive Strength (MPa)  
 
Table 4.3 and Figure 8, shows the average 
compressive strength with different hygrothermal 
curing temperature. The highest average 
compressive strength value for forming pressure is 
44.8 MPa and the hygrothermal temperature of 
100°c. Whereas, the lowest average compressive 
strength values of forming pressure of 44.8MPa and 
the hygrothermal temperature of 70°c. The average 
values for compressive strength of the highest and 
lowest strength are 10.12 MPa and 4.46MPa 
respectively. 
 
Table 3: The average value of Compressive 
Strength for cementless block at hygrothermal 
curing temperature and press forming pressure 
( MPa) 
Pressure(MPa 44.8 51.6 58.6 65.5 
Temp. (°C)     
60 8.78 6.31 5.32 6.12 
70 4.46 7.28 6.78 6.86 
80 5.96 6.06 5.92 8.64 
90 8.46 5.22 5.76 9.29 
100 10.12 5.48 5.35 8.26 
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Figure 8: The variation of compressive strength of 
pressed formed brick with hygrothermal curing 
temperature and press forming pressure. 
 
5. Conclusion 
 
This research has established the optimum forming 
pressure and hygrothermal temperature of HCWA 
and PFA cementless concrete block performance. 
The result complies with the objective that was 
stated earlier and shows good relationship of 
dynamic modulus elasticity test, UPV test and 
compressive test. The optimum press forming 
pressure is at 44.8 MPa and the hygrothermal 
temperature at 100°C for the highest compressive 
strength to be achieved. Same forming pressure of 
44.8 MPa produced higher dynamic modulus at 
60°C temperature. On the other hand, for the UPV 
test the forming pressure is differ at 65.5 MPa and 
temperature at 70°C. This means that the optimum 
press forming pressure is 44.8 MPa at 
recommended hygrothermal temperature at 60°C, 
70°C and 100°C. Most of the cementless blocks 
formed have compressive strength which is exceed 
the requirement of BS 3921: 1985 of 5.2 MPa to 
qualify as a load bearing brick. This means the 
cementless concrete block can build a house with 2 
storeys height. Cementless concrete block which 
satisfy the requirement can be fabricated using 
wood ash and fly ash as the sole binder.  
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Abstract: 
 
A field study of thermal comfort had been conducted at the main educational area in Universiti Sains Malaysia, 
main campus, Pulau Pinang, Malaysia in the selected lecture halls, G03. The main target of the testing sample 
is the students who have their lecture at the lecture halls on the day of the study field being conducted. The 
objectives of this study were to inspect the thermal comfort level on selected lecture halls, to observe the 
relationship between thermal comfort and the effect on the learning process in educational buildings as well as 
to identify the measures for improvement of the thermal comfort level at the USM, Main campus. The 
instrument involved in the testing were the thermometer, globe thermometer and 3-in-1 anemometer which 
observed the data of air temperature, air velocity, air humidity and mean globe temperature. From the study, the 
comfort temperature of USM, Main campus students was 29.7 ̊C . The recommendations made in the lecture 
halls was to increase the air conditioning temperature, as the current air conditioner was 24 ̊C, up to 25-26 ̊C 
which it is still in the range recommended temperature in the American Society of Heating, Refrigating and Air-
Conditioning Engineers (ASHRAE) Standard and Malaysia GuGuidelines. This study also strongly 
recommended the installation of Building Automation System (BAS), which is coincidentally the actual future 
plan of Department  of Development (Jabatan Pembangunan), Universiti Sains Malaysia (USM), Main campus.   
 
Keywords: thermal comfort, educational building, air temperature, mean radiant temperature, clothing value 
 
 
1.0 Introduction 
 
Thermal comfort is defined in British Standard BS 
EN ISO 7730 as: ‘that condition of mind which 
expresses satisfaction with the thermal 
environment.’ So the term ‘thermal comfort’ 
describes a person’s psychological state of mind 
and which referred the person’s acception of their 
thermal environment, by means they feel hot, too 
hot, cold or too cold. In order to determine thermal 
comfort, we must consider both the environmental 
and personal factors, which known as ‘human 
thermal environment’. These factors mutually 
exclusive factors, but still related to each other to 
determine the comfort level of a person. 
Environmental factors: Air temperature, Radiant 
temperature, Air velocity and humidity; Personal 
factors: Clothing Insulation and Metabolic Heat.  
In other words, thermal comfort is the condition of 
mind that expresses satisfaction with the thermal 
environment and is assessed by subjective 
evaluation ( ANSI/ ASHRAE Standard 55). One of 
the main goal of Heating, Ventilation and Air 
Conditioning (HVAC) is maintaining the standard 
thermal comfort set by the ANSI/ASHRAE Standard 
55, specifically state about the standard and 
guidelines of human thermal comfort. Thermal 
comfort is affected by heat conduction, convection, 
radiation and evaporative heat loss. Study and 
research conducted previously recognized that 
human thermal sensation does not just depend on 
the  air temperature alone, as there are other  
factors contribute to human thermal comfort.  
Work efficiency would be retarded if it is not 
achieved, whether the feeling of too cold or too hot, 
both affect the productivity and performance of the 
building that it built for and the users’ performance. 
(Guoqiang Zhanga, Cong Zhenga, Wei Yanga, 
Quan Zhanga, Demetrios J. Moschandreasa, 
(2007). 
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People had their unique and individual way to adapt 
to the surroundings in order to achieve their own 
comfort level, for example putting more clothes for 
example wearing jacket, sweater by means putting 
thicker clothes to keep the heat, or removing extra 
clothes, changing posture, keeping away from the 
source of heat or cold, actions like rubbing the palm 
to gain heat and many others. If those actions done 
turn them into their thermal comfort, it is not a 
problem, however if not, people start to feel 
uncomfortable due to the thermal environment is 
unadaptable.  
King, J., and Marans, R. W. (1979) found out that 
student’s achievement decreased as the 
temperature and humidity exceed their comfort 
zone. This is because the discomfort feeling 
distracted their attention in the learning process, 
which more and less contributed in their 
performance and productivity levelThus, it is 
important to determine the ideal comfort 
temperature by considering the relations of  
thermal-comfort-factors between the environment 
and personal measure  in a place, so that there will 
be no problem arise due to their discomfort feeling.  
2.0 Research Methodology 
 
A) Primary Data 
Primary data gained by collecting 
information from the first hand from the source. 
For the purpose of research, primary data were 
collected from the testing. Case study method 
was chosen to conduct this research. 
Equipment is used to collect data of thermal 
comfort level at the chosen lecture halls of the 
USM Main Campus. 
Testing was carried out in the thermal 
comfort of USM Main Campus that give 
influence to the comfort of the lecture halls’s 
users. Such as, determining the thermal 
transmitted by building components, wind flow, 
temperature and humidity profile of the lecture 
halls. The testing conducted at four to five 
points for each lecture hall, with a point 
conducted outside of the hall as a reference 
point depends on the capacity of the lecture 
halls. There are total nine lecture halls will be 
part of this research: Dewan Kuliah H, Dewan 
Kuliah J, Dewan Kuliah K, Dewan Kuliah L, 
Dewan Kuliah R, Dewan Kuliah N, Dewan 
Kuliah T, Dewan Kuliah M and Dewan Kuliah Q. 
Both testing and questionnaires done in all the 
three time-periods in a day, which three lecture 
halls for morning, evening and night time. 
   
Picture 1.0 Testing conducted by using these 
instruments; 3-in-1 Anemometer (left) and 
Globe Thermometer (right). 
A dwi-language questionnaire consisted of 
three sections; General Information Section, 
Background Information Section and Thermal 
Comfort Section. It was distributed to the users 
of lecture halls randomly to observe their 
acceptance on the thermal comfort during their 
occupancy period on the selected lecture halls. 
B)  Secondary Data  
Secondary data provide second hand or altered 
data, which provide for the Literature Review of this 
research. The secondary data was obtained from 
the journal, articles or previous research that 
already being conducted, books and also from the 
online information source (internet). 
 
3.0 Results and discussions 
 
3.1 Field Study 
 
The study was conducted at the main campus 
branch in Universiti Sains Malaysia (USM) located 
at Minden in Pulau Pinang, Malaysia. It was the 
second oldest university and stated as one of the 
biggest universities in the country. The research 
was conducted at main lecture hall building, where 
nine lecture halls had been chosen. The testing was 
carried out based on the thermal comfort elements; 
which are air temperature, air humidity, air velocity, 
relative humidity and mean radiant temperature. 
 
After some discussions with Department of 
Development (Jabatan Pembangunan) officer for 
USM Main Campus, it was estimated that the age 
of the lecture halls building (G03) was almost 38 
years old, which it was finished on 10 November 
1975. Lecture halls at GO3 were adapted 
centralized air conditioning system, which is 
connected to the chiller located at the end of the 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7   
 
 
 169 
row of the lecture halls. Below is the building plan, 
which shows the location of the chiller. 
 
 
Figure 2.0 First level of G03, Lecture Halls Foyer 
 
 
Figure 3.0 Ground level of G03 Lecture Halls Foyer 
 
Installation of Building Automation System is the 
future plan of Jabatan Pembangunan, USM to be 
installed in the lecture halls in Universiti Sains 
Malaysia. Through this, the air temperature can be 
controlled easily by the person in-charge. It also 
has manual system where it can be on and off at at 
any preferred time, based on the need of the lecture 
halls at that time. Moreover, the temperature can be 
raised and lowered for the sake of the lecture halls 
users, as to give the most comfortable thermal 
environment for both of the lecturer and students. 
 
The table below shows the Students capacity in the 
lecture halls and also AHU Capacity for the chiller 
plant. 
 
Table 1.0 Students Capacity,Chiller Plant Capacity 
and AHU Capacity of the lecture halls 
Lecture 
Halls 
Student 
Capacity 
Chiller 
Plant 
AHU Capacity 
Btu/h Horsepower (Btu/h/9000) 
DK H 110 AHU 12 409,530 45.50 
DK J 110 AHU 2 150,660 16.74 
DK K 110 AHU 3 150,660 16.74 
DK L 110 AHU 4 150,660 16.74 
DK R 110 AHU 10 150,660 16.74 
DK N 110   AHU 6 150,660 16.74 
DK M 110 AHU 5 150,660 16.74 
DK Q 110 AHU 9 150,660 16.74 
(Source: Jabatan Pembangunan, USM Main Campus) 
 
3.2 Analysis of Field Study Data 
 
The respondents were students who has their 
lecture at the lecture halls at the time of testing 
were conducted. Questionnaires were distributed to 
10 % of the total capacity of students (exclude 
lecturer) randomly where 100 students were 
involved, and most of them were female, which 
make up total 68 female students compared to 32 
male students. This is because, female more tend 
to give cooperations to answer the questionnaires, 
but less in male students. 
 
 
Graph 1.0 Respondents’ gender 
 
The chart shows that most of the respondents were 
under 25 years old, which make up 85 % of total 
respondents due to most of the lecture conducted 
there were undergraduate programmes from 
different schools. 11 persons ranged between 25 to 
30 years old, and there were 4 older persons, more 
than 30 years old.  
 
 
Graph 2.0 Respondents’ age 
 
More than half of the respondents stay at the 
lecture halls for more than 2 hours. This is 
important as that the respondents were adapt to the 
lecture hall’s environment first and not influence by 
external surrounding, and also to reduce the error 
for the respondents in answering the thermal 
comfort scale. 39 respondents were stayed 
between 1-2 hours and only 9 from them were 
answered the questionnaire at the time she or he 
sat at the lecture halls for less than an hour. 
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Graph 3.0 Period of staying in the lecture halls 
 
The bar chart below shows the thermal sensation 
from the respondent  preferences. It was the 
measure of their feeling at the time of answering the 
questionnaires, based on the seven-points 
ASHRAE thermal sensation scale as shown below; 
 
Table 2.0 ASHRAE Thermal Sensation Scale 
 
3 Hot/ Sangat Panas 
2 Warm/ Panas 
1 Slightly warm/ Agak panas 
0 Neutral(Neither cool nor warm/Tidak panas dan tidak sejuk) 
-1 Slightly cool/ Agak sejuk 
-2 Cool/ Sejuk 
-3 Cold/ Sangat sejuk 
 
The highest preferences of thermal sensation is at 
cool/sejuk (-2), which total were 34 respondents felt 
cool. This response were given after they had 
adapted to the lecture halls mostly for more than 2 
hours. It is followed by 28 respondents were 
cold/’terlalu sejuk’ ( -3) and 26 persons felt slightly 
cool/’agak sejuk’ (-1). The other voted that they are 
below the neutral scale (neither cool nor warm). 
From there, we can say that most of the 
respondents were fallen into cold range in the 
lecture halls. 
 
 
 
Graph 4.0 Thermal Sensation Scale 
 
Thermal Preference Scale graph below shows the 
respondent’s preference of the thermal 
surroundings at the lecture halls. It is scaled based 
on the following range: 
 
Table 3.0 Thermal Preference Scale 
 
1 Warmer/ Lebih panas 
0 No Change/ Tiada perubahan 
-1 Cooler/ lebih sejuk 
 
From the survey, 58 of the 100 respondents 
preferred no change on the current thermal 
surroundings. It is mainly because they had 
adapted to the surroundings for a period of time, 
and their body now adapts to the temperature even 
though they voted that the lecture halls was cold. 
Another cause is they are adapting by changing in 
clothing style, as from the observations, most of 
them were wearing jackets, sweater or extra 
clothes. Another 25 respondents want more warmer 
surroundings, while only 8 respondents rated that 
they want cooler than the existing temperature. 
 
 
Graph 5.0 Thermal Preference Scale 
 
From the bar chart, we can say that most the 
respondents voted that the air flow scale at the 
lecture halls was ‘Just alright’ (0). The air flow scale 
influenced they thermal sensation and preference to 
reach their comfort level. Below is the range of the 
air flow scale used; 
 
Table 4.0 Thermal Sensation Scale 
3 Much too breezy/ Sangat laju 
2 Too breezy/ Laju 
1 Slightly breezy/ Agak laju 
0 Just alright/ Aliran udara yang bersesuaian 
-1 Slightly still/ Agak tenang 
-2 Too still/ Tenang 
-3 Much too still/ Sangat tenang 
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Graph 6.0 Air Flow Scale 
 
Clo value is the relative measure if the ability if 
insulations provide warmth. By definitions, one clo 
(1 clo) means amount of clothing required by a 
resisting (sedentary) person to be indefinitely 
comfortable in ambient conditions where the 
temperature  is 21 ̊C (70 ̊ F), relative humidity less 
than 50 %, and wind velocity is 25 cm/s (0.9km/h) . 
Zero clo (0) is the lowest scale corresponds to 
naked person up to four clo (4 clo) for Eskimo 
people. Below is the clo value below shows that 
female clo value is much higher compare to male 
as female wore thicker outfit compare to male, thus 
it increase their clo value. The highest clo value 
owned by the the female is 1.3, while male is 0.9. 
The most frequent clo value is 0.5 and 0.3 for 
female and male respectively. 
 
 
Graph 7.0: Clothing Value Distribution: Frequency 
of subjects’ clothing value by gender 
 
Table 5.0 Clo values distribution for men and 
women subjects 
  
Clo Value Male Female 
Average 0.69 0.81 
Standard 
Deviation 0.22 0.23 
Minimum value 0.47 0.27 
Maximum value 1.11 1.47 
Graph below show the mean air temperature, mean 
air velocity, mean air relative humidity and mean 
globe temperature. 
 
 
Graph 8.0 Mean Air Temperature 
 
 
Graph 9.0 Mean Air Velocity 
 
 
Graph 10.0 Mean Relative Humidity 
 
For the air temperature, air velocity and air 
humidity, it was obtained directly from the 3-in-1 
anemometer. Whereas, the value of radiant 
humidity was derivations from the dry bulb 
temperature and wet bulb temperature. By using 
the value of radiant temperature obtained from 
globe thermometer, the formula below used to 
acquire mean radiant temperature (mrt) ; 
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Where; 
 
ta: temperature of the air outside of the globe 
 
tg: globe thermometer temperature 
 
 
Graph 11.0 Mean Globe Temperature 
 
Neutral Temperature 
 
The temperature that people rate as ‘neutral’ on the 
thermal sensation scale or similar scale is called as 
neutral temperature. It was obtained from a simple 
regression linear analysis (as shown below), a 
graph of Thermal Sensation Scale(THS) versus 
mean response of the respondents in the selected 
lecture halls. 
 
In Graph 12.0, the graph shows the regression 
equation, regression line and goodness of fit (R2) 
value for all subjects, where the neutral temperature 
is at the point at which y=0 in the equation (the 
point at which the regression line crosses the X-
axis) . Whereas, the neutral temperature for groups 
computed by placing their y-intercept and 
regression coefficient values in the equation. 
 
 
Graph 12.0 Regression chart for all subjects 
 
Table 6.0 Neutral temperatures for various groups 
of subjects 
Group Regression 
coefficient 
Intercept R2 Tn 
(  ̊C) 
All 0.423 -12.560 0.50 29.7 
Male 0.406 -12.454 0.10 30.7 
Female 0.422 -12.495 0.58 29.6 
 
For the whole sample of 100 respondents, the 
results show that 29.7 ̊C was the neutral 
temperature (Tn) for the lecture halls and the 
regression coefficient (slope) is 0.423/  ̊C with an 
intercept of -12.560 and a low R2 of 0.50. For male 
and female students, the regression coefficient, an 
intercept and goodness of fit ( R2) are different with 
each other where the neutral temperature or 
comfort temperature at the lecture halls was 30.7 ̊C 
and 29.6  ̊C respectively. 
 
4.0  Conclusion 
 
From the field study, the findings can be stated as 
follows: 
 
1. The comfort temperature for Universiti 
Sains Malaysia (USM),main campus based 
on the study field among the students in the 
selected lecture halls in was 29.7  ̊C. 
 
2. There is a little difference were found for 
the comfort temperature between male and 
female, where the male has higher neutral 
temperature, 30.7 ̊C compare to female 
students, 29.6 ̊C. Higher in neutral 
temperature means the steeper slope of the 
regression coefficient, as the subject more 
tend to change their vote due to the 
changes in indoor air conditions. It was 
because,male has less clo value(see 
graph) compare to female, thus they are 
more sensitive to the changing of their  
body temperature. 
 
3. From the study done, it was proved that the 
students were feeling cold, as most of them 
voted at the cold range from the thermal 
sensation scale. However, they prefer there 
was no change in the temperature, as they 
are now adapting to the existing 
temperature by changing their clothing 
style. By observations, most of the students 
were wearing jackets, sweater or any other 
outfit by means to increase their body  
temperature during their occupancy in the 
lecture halls. 
 
mrt (  ̊C) = tg + 2.42 (tg – ta) 
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4. The existing air conditioner temperature 
now was 24 ̊C, thus it was recommended to 
increase the temperature to 25-26 ̊C 
depends on the weather of the day. The 
ASHRAE Standard and Malaysian Guide 
state that the recommended temperature 
were 22- 26 ̊C. Thus, by increasing the 
temperature, but still in the range of 
standard temperature, it will help in solving 
the problem of the uncomfortable issues 
(too cold) in the lecture halls. 
 
5. The implementation of Building Automation 
System (BAS) in the Universiti Sains 
Malaysia, main campus was one of the best 
solution to be done as soon as possible as 
it will give provide a better learning 
environment for the student and also to the 
lecturer themselves. It is very important to 
maintain a conducive environment in the 
educational building to assure the 
effectiveness of learning process to take 
place.  
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Abstract: 
This paper presents the experimental investigation on the mechanical strength and the durability properties of 
steel fiber high strength concrete (SFHSC) with the addition of steel fiber. In the experimental investigation, 
effects of the steel fiber high strength concrete was assessed in two types of curing regime which was the 
normal water curing and hygrothermal curing treatment which gives the results for the 7day and 7day+24hours 
testing result. The steel fiber was added at the volume fraction of 0.5%, 1.0%, 1.5%, 2.0% and 3.0%. The tests 
performed for the mechanical and durability properties were the compressive and flexural strength test, 
modulus of elasticity test, ultrasonic pulse velocity test, water absorption test, air permeability test and the 
porosity test. The compressive and the flexural strength of the steel fiber high strength concrete reached its 
maximum at the 3.0% steel fiber volume fraction which results 70.7 MPa and 11.45 MPa respectively in normal 
curing. The presented experimental study indicates that the inclusion of steel fiber provide the better 
mechanical strength performance enhancement for high strength concrete cured in normal water curing as 
compared to the hygrothermal curing treatment. 
Keywords: Steel Fiber High Strength Concrete (SFHSC),Hygrothermal curing, mechanical strength, water 
absorption, air permeability, porosity, modulus of elasticity. 
 
1.0 Introduction 
 
High strength concrete is used in the 
construction of long span bridges, walkways, piles 
and high rise structures and the usage of high 
strength concrete in the construction industry is 
increasing rapidly [1].Furthermore, the development 
of steel fiber reinforced concrete was started in the 
year 1874 by A.Bernard in order to improve the 
mechanical performance of steel fiber reinforced 
concrete [2]. High strength concrete contains more 
cement content and tends to shrink more. The 
usage of the Portland cement and the reduction in 
the water content (w/c) increase the strength of the 
concrete. Once it increases the strength, the elastic 
modulus of the concrete also increases where by 
reduces the creep coefficient. This is why the 
tendency of the high strength concrete is more 
prone than the low strength concrete [3]. Besides 
that, steel fibers produced in various types and 
geometric shape such as the hooked end, crimped , 
deformed end and deformed wire and the most 
popular type of steel fiber used in the market is the 
is the hooked end. Steel fiber is proved to be the 
best combination in high strength concrete to result 
the best in the mechanical properties and durability 
properties of high strength concrete with the 
consideration of curing time, curing type and the 
steel fiber geometry [4,5].The addition of steel fibers 
will increase the compressive strength by certain 
percentage and also increases the tensile strength 
of high strength concrete potentially to produce 
improvements in the workability of high strength 
concrete. The compressive strength of steel fiber 
reinforced concrete usually ranges between 
60MPa-100MPa [6]. 
Song and Hwang [7], have stated that, at 
the volume fraction of 1.5% steel fiber used the 
compressive strength increases, which means that 
the highest compressive strength result at the 
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volume of 1.5%. As the volume of steel fibers 
increases to 2% the compressive strength 
decreases slightly. Further, the splitting tensile 
strength of the high strength fiber reinforced 
concrete increases when there is an increase in the 
steel fiber volume fraction.The relationship between 
the duration of mixing, the mixing sequence, 
volume of steel fiber and the steel fiber geometry is 
found to have influence on the segregation of fiber 
during mixing.. The addition of steel fiber into the 
wet concrete matrix can avoid fiber agglomeration 
because if the mix is too dry or wet it can cause 
bundling of steel fibers [8]. For the concrete which 
contains steel fibers the amount or the volume of 
super plasticizer (SP) is used to maintain flow rate 
of fresh mortar mix at around 150mm-160mm to 
ensure good workability. The main purpose of super 
plasticizer is to control the water binder ratio and 
reduce the water content during mixing. According 
to Yao [9], Steel fiber gave the highest strength and 
polypropylene fiber gave the lowest compressive 
strength among all the three types of fiber. The 
amount of super plasticizer was used is until reach 
a amount of flow at 160mm. In this research, it is 
mentioned that the addition of steel fiber increases 
the modulus of rupture and the polypropylene gave 
the lowest modulus of rapture. The ductility 
characteristic improved with the addition of steel 
fiber and resulted an increase in the flexural 
strength which was higher than the other type of 
fiber used. The usage of short fibers can provide 
good bridging effect to resist cracking propagation. 
[7,9].  
 When cracking occurs as the concrete 
hardens, the steel fiber distributed evenly to block 
the crack. Thus, the inclusion of steel fiber 
contributes good mechanical strength to the 
concrete [10]. Increase in the percentage of void 
ratio of fiber reinforced concrete is related to the or 
caused by the inadequate compaction of the mixes. 
Incorporation of uniformly distributed short steel 
fibers increases the void content and decreases the 
workability of to the cement based materials [11]. 
Besides that, the increase of pores volume in steel 
fiber reinforced concrete will raise the value of the 
corresponding ultrasonic pulse velocity. In other 
words, when there is a decrease in the unit weight it 
will increase the ultra-pulse velocity of the concrete. 
Specimen that has been tested for 28days, the 
average results that obtained for the ultra-pulse 
velocity is around 4543m/s for the control mixture or 
known as normal concrete. The relationship 
between the ultrasonic pulse velocity and the unit 
weight is existing in conventional concrete [12]. The 
volume of fiber been used and the length of steel 
fiber clearly influences in the porosity and the 
permeability of steel fiber. 
 This study aims to investigate the 
mechanical performance and durability behavior of 
steel fiber reinforced concrete containing various 
volume fractions of fiber subjected to hygrothermal 
treatment. The knowledge derived is useful for the 
precast structural element manufacturing sector 
where accelerated hygrothermal curing is a typical 
post forming treatment process for rapid strength 
gain of the concrete elements 
 
2.0 Experimental Programs 
 
2.1 Materials And Preparation of sample 
 
The steel fiber high strength concrete 
(SFHSC) was made by using ordinary Portland 
cement (OPC), fine sand, steel fibers and controlled 
water content (w/c) in the range of 0.26. Since the 
water content is controlled, super plasticizer (SP) is 
used and added into the mixture in both normal 
strength concrete and steel fiber high strength 
concrete (SFHSC). The volume of super plasticizer 
added into the mixture was added using cups to 
maintain the flow of 145mm-155mm to ensure a 
proper subsequent compaction of mix in the steel 
moulds. The volume per cast is 0.026m3 The 
mixture was then poured into the molds and 
vibrated using the vibrating table to perform proper 
compaction of the mixture for 30 seconds for 3 
times to avoid segregation. The specimens was 
then let to air dry in the laboratory for 1 day followed 
by subsequent removal from the moulds. All the 
testing was carried out using cubes and prism only. 
 
 
Figure 1: Steel Fiber High Strength Concrete 
 
2.2 Testing Procedure 
 
A total of 7 test was carried out, the size of 
the of the cube used is 100x100x100mm and the 
prism size used was 100x100x500mm with total of 
6 cubes and 4 prism for each batch. The volume of 
the steel fiber used to carry out this research is 0%, 
0.5%, 1.0%, 1.5%, 2.0%, and 3.0% to determine 
the best workability mix. 
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Table 1: Total cubes and prism used 
 
 In addition, the curing regime was fixed to 
only two type of curing which was the 7 day normal 
curing followed hygrothermal curing. Hygrothermal 
curing was performed by placing the mortar 
specimen into a hot water bath for  24 hours after 7 
day normal curing at 70ºc which is the optimum 
temperature under the curing condition. This curing 
method is performed to obtain and determine the 
differences between the mechanical strength and 
the durability properties under both curing condition. 
 
3.0 Experimental Setup 
 
3.1 Mechanical Properties 
 
The compressive strength of the steel fiber 
high strength concrete was performed on the 
100x100x100mm cubes for both 7 days normal 
curing and 7 days + 24 hours hygrothermal curing. 
A total of 3 cubes were tested for both curing 
regime. Once the concrete cubes have been 
removed from the water after specified curing time. 
The surface of the water is wiped and sprayed with 
air pressure to remove excess water from the 
surface. The concrete cube is then placed on the 
compression machine and aligned to the center so 
that the load will be balanced on the surface during 
compression. The machine is set at a low 
compression speed and the compressive strength 
is been tested and the result is recorded. The 
further testing procedure performed can be 
benchmark and was based on the ASTM C109-93. 
Flexural strength of the high steel fiber high 
strength concrete was performed on the 
100x100x500mm prism for both 7 days and 7days 
+ 24 hours of hygrothermal curing. Total of 2 prisms 
were tested for both curing regime. The flexural test 
was performed for all of the steel fiber volume been 
used. The flexural strength of the steel fiber high 
strength concrete was calculated on the average of 
the maximum load provide by the 2 prisms. The 
flexural test method performed is based on ASTM 
standards  
The dynamic modulus was tested on the 
different volume of steel fiber batch using 
100x100x500mm prisms. The instrument used to 
measure the dynamic modulus was the dynamic 
accelerometer. Where, the weight of the prism 
should be taken and recorded. The value of the 
weight, length, and the thickness of the prism 
should be inserted into the E-meter and tested. The 
dynamic modulus of elasticity can be determined 
based on the (ASTM C215) standards. This test is 
performed more than twice until a constant value is 
provided. The dynamic modulus can be calculated 
under the equation 2 and 3. Where, M is weight of 
specimen (Kg), L is length of the specimen (m) 
 
  …… (2)        
 
       …… (3)                 
          
    The Ultrasonic pulse velocity test (UPV) was 
tested on the different volume of steel fiber content 
using 100x100x500mm prisms. The test was 
conducted using 2 prisms for each batch. A 
constant path length of 500mm between 
transducers was performed to obtain the 
transmission of ultrasonic pulse velocity under 
direct transmission. To obtain accurate result and 
consistent result, grease was applied on the 
transducers and also on the surface of the steel 
fiber concrete. The result taken must be done 
several times until a constant result is acquired. The 
test was performed on both X-axis and Y-axis of the 
concrete in dimension of 500mm and 100mm 
respectively. 
 
3.2 Durability Properties 
         
       The coring technique is performed on broken 
prism specimen used in the flexural strength test is 
done. Four numbers of mortar cylinder were cored 
from each prism two 75mm sample and two 50mm 
sample. The 75mm cored sample is used for the 
water absorption test where by the 50mm is used 
for the both air permeability test and porosity test.  
         Water absorption test was performed using 
75mm coring samples. Three cores of 75mm 
samples were cored from every each prism. After 
coring the samples is weight and them the data is 
recorded and the sample is then placed into the 
oven for about 2-3 days until the weight of the 
sample became constant. Therefore, the samples is 
removed from the oven and were placed at room 
temperature to cool. Then, 30 minutes of water 
absorption test is performed by submerging the 
samples into the water. After 30 minutes, the 
samples are wiped and weight again and the data is 
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recorded and is calculated based on the equation 4. 
This test procedure is carried out based on the BS 
1881: Part 122 (1983). Where,  is weight of 
oven dried specimen (g) and  is weight of 
sample after immersion of water 30 minutes. 
 
 
…(4) 
          
The air permeability test was performed on the 
50mm cylinder core sample. The 50mm sample is 
then marked in the center point and cut in to half. 
The test is performed for both the curing regime. 
Once the sample is cut into half, it is put into the 
oven until stable weight is obtained and the 
diameter and length of the sample were recorded. 
The gas pressure of the permeameter is set to 1 
bar. The permeability value is calculated based on 
equation 5. 
 
       …………..(5) 
 
Where,  = the intrinsic permeability (m2) ,  = flow 
rate (m3/s), A = cross-sectional area (m2),  = length 
of porous media (m),  = absolute applied pressure 
(Pa) and  =  pressure of flow rate (Pa). 
        The porosity test is performed on the sample 
which were used in the air permeability test. The 
porosity test was performed for both the normal and 
hygrothermal curing for different volume of steel 
fibers used.  The porosity value is calculated based 
on equation 6 
     ….. (6)      
Where, Wd = dry weight sample (g), Ww = weight in 
water (g) and Wa = weight in air (g). 
 
4.0 Results and Discussion 
 
A total of 7 test was performed in both mechanical 
and durability properties. The results was obtained 
based on both type of normal and hygrothermal 
curing regime based on the experimental 
observation. 
 
4.1 Compressive Strength Test 
 
Table 2 and 3 shows the compressive strength in 
both normal and hygrothermal curing for the steel 
fiber high strength concrete (SFHSC) and normal 
strength concrete. For the normal curing regime, 
the volume fraction of 3.0% steel fiber gives the 
highest compressive strength result which is 70.7 
MPa. As the volume of the fiber increase, the 
compressive strength increases significantly. Table 
3, show the compressive strength in the 
hygrothermal curing regime. A comparison made 
between the normal and hygrothermal curing, 
normal curing provide the better strength than the 
hygrothermal curing in different volume of steel fiber 
used  which shows the strength drop after 
7day+24hours in hygrothermal curing. 
 
 
 
 
 
  
 
4.2 Flexural Strength Test 
 
Table 4 and 5 shows the flexural strength in both 
normal and hygrothermal curing for the steel fiber 
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high strength concrete (SFHSC) and normal 
strength concrete. For the normal curing regime, 
the volume fraction of 3.0% steel fiber gives the 
highest flexural strength result which is 11.45MPa. 
As the volume of the fiber increase, the flexural 
strength increases significantly. Table 4, show the 
flexural strength in the hygrothermal curing regime. 
When compared to the normal and hygrothermal 
curing, normal curing provide the better strength 
than the hygrothermal curing in different volume of 
steel fiber used  which shows the strength drop 
after 7day+24hours in hygrothermal curing. In the 
steel fiber volume of 2.0% and 3.0%, the 
hygrothermal curing results higher flexural strength 
than the normal strength concrete. 
 
 
 
 
 
4.3 Dynamic Modulus of Elasticity Test 
 
For the normal strength concrete the dynamic 
modulus will be in the range >30Gpa. The tendency 
of the dynamic modulus is depending on the weight, 
length and the height of the concrete. For the steel 
fiber high strength concrete the range of the 
dynamic modulus is in the range of 40Gpa to 
43GPa for the normal curing regime. The average 
of the result was based on 2 prisms for each batch 
of steel fiber volume. Table 6 shows the dynamic 
modulus results: 
 
 
 
 
 
4.4 Ultrasonic Pulse Velocity (UPV) Test 
 
The Ultrasonic pulse velocity test was performed on 
2 prisms for each batch of steel fiber volume 
content. The result for the UPV in both x-x and y-y 
axis is shown in table 7. The average value for the 
UPV test for the controlled concrete is in the range 
of 4300m/s to 4500m/s.  
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4.5 Water Absorption Test 
 
The water absorption test for the steel fiber high 
strength concrete was tested with the 75mm 
cylinder cored sample. As the steel fiber volume 
fraction increases in the normal curing regime the 
percentage of the water absorption decreases. 
Table 8 shows the water absorption results:  
 
 
 
 
4.6 Air Permeability Test 
 
The air permeability was tested on the 50mm 
sample when it is cut into half. The penetration of 
the pressured gas into the sample is the 
permeability value. The air permeability value for 
the normal strength concrete is around 21 seconds 
per 10cm measurement. 
 
 
 
4.7 Porosity Test 
 
The porosity value for the normal controlled 
concrete is in the range of 14.4% for 7 days normal 
curing compared to the hygrothermal curing which 
obtained 14.04% for the controlled concrete. 
Therefore, addition of steel fiber in the 0.5% volume 
obtained 9.66% in the normal curing. Concrete with 
steel fibers results lower porosity value when 
compared to the normal controlled concrete. In the 
normal curing regime, as the steel fiber increase the 
porosity increases in a lower percentage. Table 10 
shows the average value of porosity for the SFHSC 
subjected to both curing regime. 
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5.0 Conclusion and Recommendation 
 
1. Incorporation of steel fiber in the high strength 
concrete increases the compressive strength and 
the flexural strength of the concrete. 
 
2. The compressive strength and the flexural 
strength gained highest strength at the steel fiber 
volume fraction 3.0% which is 70.7MPa and 
11.45MPa respectively.. 
 
3. Steel Fiber high strength concrete (SFHSC) 
shows good mechanical behavior and compressive 
strength when it is cured in normal water curing 
compared to hygrothermal curing. 
 
4. The normal strength concrete shows increase in 
the compressive and flexural strength when it is 
cured in Hygrothermal curing. 
 
5. It is found that Steel fiber high strength concrete 
(SFHSC) is not suitable to be cured in hygrothermal 
curing compared to the normal strength concrete. 
 
6. Steel fiber high strength concrete shows very 
good result in the durability properties and increase 
the durability of the concrete. 
7. Steel fiber high strength concrete is expected to 
increase in the mechanical and durability properties 
if it is sustained in normal water curing for the 28 
days of testing. 
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Abstract: 
One of the ways to save our energy is by using biogas system. This is normally used in other country such as 
Germany, Denmark and Africa. Biogas can provide a clean, easily controlled source of renewable energy from 
organic waste materials for a small labour input, effectively replacing firewood or fossil fuels which are 
becoming more expensive as supply falls behind demand. During the conversion process, pathogen levels are 
reduced and plant nutrients are made more available, in order to grow better crops while conserving existing 
resources. Since small scale units can be relatively simple to build, therefore, biogas should be used directly if 
possible for cooking, heating, lighting and refrigerator's absorption purposes. This is because both electricity 
generation and compression of gas for storage or usage in vehicles use large amounts of energy for a small 
output of useful energy. This concept is suitable for distributed systems where waste is treated near the source, 
and sludge is also reused locally to minimize transport and initial capital cost compared to a centralised system. 
As the distributed system will need a network support, biogas contributes to the triple bottom line; that is 
benefiting the environment, reducing costs and contributing to social structure. 
Keywords: Biogas, organic waste materials, pathogen, fossil fuels, energy, electricity, gas, distributed system 
 
1.0 Introduction 
Mini biogas power plant (MBPP) is first launched in 
Malaysia at Universiti Sains Malaysia (USM) that is 
capable of generating 600 kW of electricity a day 
from food waste in the campus. This pioneering 
project is aimed at building a prototype to be used 
by interior communities with problems pertaining 
obtaining regular electricity supply. Food waste 
provided by all cafeterias and canteens in the 
campus will be converted into methane which will 
be turned to generate electricity. The plant has two 
tanks that can accommodate 1000kg of food and 
organic waste such as grass, vegetables waste, 
leftover rice and leftover fish.  
The electricity generated could be channelled to the 
university’s power supply grid. Communities with a 
lot of organic waste but no connection to the grid 
would benefit most from MBPP, in which MBPP per 
se produces approximately 180 cubic metres of 
methane a day from readily available local waste 
material. This methane produced is actually equal 
to 180 litres of diesel per day of generated electric 
power, making the plant an ideal alternative for 
remote and island communities that depend on 
diesel to run generator sets for their power needs. 
At an estimated cost of RM800,000 (US$260,000) 
per MBPP, and with fuel and transportation costs to 
a remote or island location adding up to some 
RM4.00 per litre, it is possible to recover the initial 
investment in three to six years.  
As this is the first experience in Malaysia, food 
waste is used as a feedstock to produce methane. 
Currently, feedstock in Malaysia consists of palm oil 
due to the organic material strength it possesses 
that can produce a higher amount of methane gas. 
This mini biogas power plant use anaerobic 
digestion which consists of a series of processes in 
which micro-organisms break down biodegradable 
material in the absence of oxygen to produce a 
methane rich biogas. Anaerobic Digestion can be 
used to treat organic farm, industrial and domestic 
waste. Besides that, anaerobic digestion process 
can also produce biogas that usually consists of 
60% methane and 40% Carbon dioxide. This 
biogas can be used to generate heat and electricity 
via a CHP engine that is used directly in a biogas 
boiler, or cleaned and compressed for injection into 
the local gas grid. 
M. Waqar Bhatti (2012) reported that in Thatta, mini 
biogas power plants reduce people's dependence 
on firewood. Small raw-built biogases units are 
proved to be the best alternative to replace the 
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firewood for some of the Thatta villagers who 
believe that these mini biogas plants have not only 
reduced their dependence on firewood but they are 
also getting quality organic manure for their 
farmlands. Built and installed by WWF-Pakistan, 
these 150 biogas units of six cubic metres each 
have been providing clean cooking solutions in the 
villages of Thatta which are not connected to the 
country’s natural gas network. The people that 
make use of them are extremely excited about 
these magical structures. 
A small biogas unit is a simple structure with an 
inlet from where cow's or buffalo's dung mixed with 
water is then poured into a tank, usually 
underground, where bacteria act symbiotically and 
convert the organic matter into methane gas 
through anaerobic digestion, said Deputy Director 
General WWF-Pakistan, Dr. Ejaz Ahmed as he told 
a group of visiting journalists. He then elaborated 
that there are over 2,000 biogas plants installed by 
their organisation in 13 districts of the country and 
people have been using them quite successfully 
and satisfactorily to cook food, while the byproduct 
of organic waste used in these plants also happen 
to be a very useful organic fertilizer. 
Based on Muhammad Nasir and et al (Jul 2012), 
anaerobic digestion treatments have often been 
used for biological stabilization of solid wastes. 
These treatment processes generate biogas which 
can be used as a renewable energy source. 
Recently, anaerobic digestion of solid wastes has 
attracted more interest because of current 
environmental problems, most especially those that 
involved global warming. 
M.F Basri and et al, (2009) said palm oil is one of 
the main commodities in Malaysia. The palm oil 
demand increased by 10.6% to 33.17 million tonnes 
in year 2006. The total production of palm oil from 
Malaysia was 14.96 million tonnes which 
contributed to 45% of the world's palm oil demand 
(Sumanthi et al. 2008). With such a huge 
production, the palm oil industry generates large 
amount of wastewater known as palm oil mill 
effluent (POME). POME is a thick brownish liquid 
with average chemical oxygen demand (COD) and 
biological oxygen demand (BOD) values of 50,000 
and 25,000 mg/l, respectively. Various treatments 
have been used to treat POME in order to meet the 
Malaysian Department of Environment (DOE) 
discharge standard that only consists of BOD of 
100 mg/l. Anaerobic treatment of POME is widely 
used because of its low operational cost. During 
anaerobic treatment, a large amount of biogas is 
produced. Biogas is a mixture of colourless 
flammable gases obtained in anaerobic digestion of 
plant based (lignocellulosic) organic waste 
materials and also from other types of organic 
waste such as cow dung, pig slurry, effluent from 
slaughter houses and landfill. Biogas from 
anaerobic decomposition consists of methane, 
carbon dioxide and a small amount of nitrogen (N2), 
hydrogen (H2) and hydrogen sulfide (H2S) (Price 
1985).  
 
2.0 Material and composition 
The main material in this study is mini biogas power 
plant (MBPP) that consists of two tanks. The 
objective for this research is to know whether this 
MBPP can produce methane gas and generate 
electricity as much as the achievement that its 
works on the other country before by using food 
wastes (cafeterias and canteens) as the feedstock. 
 
Figure 1: The modular concept of the MBPP, is in 
prefabricated design and can be installed easily. 
 
Figure 2: Two digester tank where all the canteen 
waste was put in with the cow dung and pure water 
(solid + liquid). After a day, all the waste will be 
pumped into the digester at the left site that contain 
water (in the form of liquid). 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7  
 
 
 183 
 
Figure 3: Mixture of cafeterias and canteens waste 
was collected before fill in the tank. 
     
 
Figure 4: The canteens waste in the digester tank 1 
and tank 2 in every other day. 
 
Figure 5: Room where methane gas was stored. 
 
Figure 6: Room where the temperature and pH 
value was controlled. 
3.0 Experiment set-up 
a) Hypothetical case study 
Based on my study, I have to estimate the cost 
between biogas system and solar energy system. 
Which system the cheaper and will benefit every 
person or company that are involved and which 
system can supply enough energy to the houses 
without facing any disturbances. 
 
In other words, my supervisor asked me to estimate 
the cost for both systems if I prefer to install them to 
the rural or remote area that has no grid 
(connection) from Tenaga Nasional Berhad (TNB). 
The estimated villagers for the area are 200 people 
with two farms for chicken and cow. 
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b) Lab experimental (mini biogas power plant) 
By using food waste and organic waste from 
cafeterias and canteens around the campus, this 
mini biogas power plant will digest all the waste to 
turn it into methane in order to produce electricity. 
With the total amount of 1000kg of mixed food 
waste per day, there is about 180 cubic metre of 
methane can be produced and about 600kW 
electricity can be generated. The flow of work done 
to turn waste to electric energy: 
i) About 1000 kg of waste was placed into tank 1 
and tank 2 every other day. 
ii) The tank was filled with water and cow dung. 
All the materials were digested together (solid 
+ liquid). 
iii) On the next day, the digested waste was 
pumped into the digester that only consists of 
water (liquid). 
iv) After that, the wastes decompose and 
methane gas was generated. 
v) Methane rises to the top and is collected into 
digested bag. 
vi) Methane was then used to produce heat or 
generate electricity. 
vii) Step i) to vi) were repeated daily. 
4.0 Result and discussion 
From a one day seminar that I had attended, the 
new cost of mini biogas power plant and solar 
system is exactly as stated above. This seminar is 
given by the supplier of the MBPP itself that 
originates from Germany. 
I. For the hypothetical case study, the result is 
shown in Table 1 below: 
Table 1: The comparison between biogas' and solar 
system's costs. 
Types of 
energy 
Biogas with generator Solar energy with 
batteries 
Source Needs 1000kg/day 
organic feedstock 
and operator 
Needs 150 kWp 
panel capacity 
with 4-5h max 
sun shine plus 
additional light 
Efficiency  600kW and 182m3 
Methane Gas per day 
4hours sunshine 
(150kWp x 4)  
= 600kW per day 
Operational 
cost 
Need diesel to run 
the generator  
(1 litres diesel  
= RM4 ) 
No need 
Battery 
backup 
Battery backup for 6 
hour only 
Battery backup 
for 2 days (for 
raining day and 
cloudy day) 
Production Gas and electricity Electricity 
Cost RM 1.0 – 1.2 Million RM4.5 Million    ( 
needed a lot of 
battery backup for 
raining days) 
 
The mini biogas system costs about RM1.0 – RM 
1.2 Million including the operational cost which is 
diesel that costs RM4 per litre. This mini biogas 
power plant needs only a battery backup of about 6 
hours to add fuels on the generator or when doing 
maintenance to the generator. The cost for solar 
energy system is higher than biogas system which 
sums up around RM 4.5 Million due to the cost for 
battery backup. Solar energy system needs battery 
backup when it is raining or cloudy, that makes the 
solar panel unable to receive sunlight. In this 
situation, solar panel cannot generate any 
electricity. The cost for battery backup makes the 
solar system's cost higher than biogas'. 
Therefore, it is better to use biogas mini power plant 
at remote areas because it does not cost a lot and 
generates electricity easier without causing any 
problem. Furthermore, this system can be installed 
easily due to it being modular which means it is 
portable and can be transferred and installed 
anywhere. The biogas mini power plant only needs 
food and organic waste to generate electricity 
energy and the generator is guaranteed to work 
24hours a day regardless of the weather. The 
supply of wastes is continuous as long as there are 
people that lives in the vicinity; ensuring that this 
system will work well. If solar system is used, it may 
cause a problem during rainy day because the 
system will not be able to receive any sunlight and 
needs battery for backup. The battery will cost a lot 
and the place needed to store the battery is also 
high in cost. The price needed is too high to be 
used in remote areas. 
II. The lab experimental result is shown as above. 
By having an amount of 1000 kg waste per day, the 
electricity generated will be about 600kW per day 
due to the fact that this mini biogas power plant can 
produce up to 25kWh. About 180 cubic metre 
methane gas is produced and will be burned to 
generate electricity. If there are more wastes, the 
electricity energy generated will also increase. The 
maximum electricity that can be generated by this 
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mini biogas power plant is 720Kw with the amount 
of waste of 1200kg per day. 
The result of the methane and electricity produced 
is as shown in Table 2 below. 
Table 2: The production of methane gas  and 
electricity per day. 
Feedstock – Organic active (canteens and 
cafeterias waste) 
Feedstock 
substrate 
CH4/VS and   
/Feedstock 
m3CH4/kg VS 
Power/tFs 
 (per day) 
   kWh/d kWh/h 
Food 
Wastes 
(canteen 
and 
cafeteria) 
 
0.196 
 
196.0 
 
646.80 
 
26.95 
 
The production of biogas result indicated that about 
26.95 kWh/h electricity can be generated with the 
total amount of 1000kg/d of food waste supplied. 
There is about 646.80kWh/d electricity can be 
produced a day. Methane gas that can be produced 
per day is 196.0 cubic metres. It is proved that all 
the foods waste from canteens and cafeterias can 
generate more methane gas and electricity. The dry 
matter content in this mixed waste is about 40% 
while the volatile solid makes up about 98%. The 
result shown was higher from other country's results 
because this mini biogas power plant has a change 
in their design that increases their workability and 
effeciency. 
5.0 Conclusion 
The most suitable power plant system to be 
installed at remote area is mini biogas power plant 
compared to solar energy system because of 
several reasons. First of all, this mini biogas power 
plant is easy to set-up because it is made in a 
modular system that could be installed or 
uninstalled and transferred easily everywhere and 
anywhere. When there is a human, there will be 
waste. It is not hard to collect the wastes to be used 
in generating the energy rather than waiting for the 
sunlight that is dependable on the weather. If it is 
raining season, they villagers will not suffer to stay 
in dark at night and feeling hot during the day. The 
generator will work 24 hours to generate electricity 
as long as there are wastes and the generator have 
enough fuels to work. 
If there is 1000kg waste per day, the mini biogas 
power plant can generate about 180 cubic metre 
methane gas and 600kW electricity per day. The 
waste produced should be enough to support this 
system. It is okay if the waste is lower than 1000kg 
per day, as long as it could support all the needs 
that the people demand at their place. The higher 
the amount of wastes could produce the higher the 
amount of electricity.   
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Abstract: 
 
Adaptive re-use is becoming popular approaches in heritage buildings of George Town. Some of the heritage 
buildings are successfully adapted to become museum, boutique hotel, gallery, restaurant and many more. One 
of the famous adaptive re-use of heritage buildings in George Town is Cheong Fatt Tze Mansion. It become 
boutique hotel and become one of the main attractions for tourist. On the other hand, Rumah Teh Bunga also 
one of the heritage buildings that will be adapted to gallery. In becoming a gallery, some of the structure and 
space of the mansion will be changed. This research is carried out in order to study and analyses the changes 
made to this mansion in terms of space, structure and material. Then, the changes made to this mansion 
analyses using Akta Warisan Kebangsaan 2005. Based on the study done, this building is properly conserved 
and many materials in this mansion are still strong and solid like its stairs that made from wood. Only two 
materials used in this mansion undergone major changes which are timber floor and wall plastering. Another 
changes made in this mansion are the terracotta tiles and Indian V tiles for roof covering. Every space for this 
mansion also being adapted to other function in order to suit in becoming a gallery. The gallery proposed is 
Penang Malay Gallery. In terms of structure, no major addition or removed of structure in this mansion. As 
overall analysis on the changes based on the Akta Warisan Kebangsaan 2005, no changes in this mansion that 
against or break the rule in the act.   
   
Keywords: adaptive re-use, heritage buildings, George Town, changes, gallery 
 
1.0 Introduction 
 
Penang city celebrate it past by preserving 
significant buildings that mark their history. Building 
preservation can range from complete restoration to 
adaptive reuse. While restoration is an expensive 
process of returning a building to its original 
condition, adaptive reuse is a more practical 
process of preserving part of a building’s historical 
fabric, while updating it for modern uses. [1]   
           Adaptation means modifying a place to suit 
the existing use or proposed use [2]. Adapting 
these old and historical buildings when the original 
function is no longer relevant or desired with new 
uses is called as adaptive re-use. 
          According to Muchahit Yildrim (2012), one 
way to prevent the loss of historical value is re-use 
existing historical patterns. Re-use means historical 
will be enlivened, history will be discovered and the 
characteristics of the structure will be maintained. 
This approach is primarily used for structures that 
have lost their functions due to obsolescence. The 
following obsolescence’s are (I.H. Seeley, 1983): 
 
 Physical obsolescence; 
 Economic obsolescence; 
 Functional obsolescence; 
 Technological obsolescence; 
 Social obsolescence  
 
       Therefore, re-use define the function of the 
spaces by adapting them to the requirement. 
Adaptive reuse is also a process that changes a 
disused or ineffective item into a new item that can 
be used for a different purpose [3]. Sometimes, 
adaptive re-use would be the only choice to make 
the old and historical building become alive again. 
Where a building can no longer function with its 
original use, a new use through adaptation may be 
the only way to preserve its heritage significance 
[3].  
 
2.0 Methodology 
 
This research use a case study 
approaches. The case study chosen for this 
research is Rumah Teh Bunga. When the 
accessibility to the site is known where it is 
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important to choose a site that enables us to 
access, then, made the visual observation on the 
site. The visual inspection is done on the arranged 
date. A lot of literature reviews also done on the 
journals of adaptive re-use. 
     During the inspection, many pictures were taken 
as a proof as well as to analyses the changes made 
to the heritage building in terms of structure, space 
and material. Then, the changes made are 
analysed using Akta Warisan Negara. Besides that, 
an interview also done with the related party for 
example interviewing with the Jabatan Warisan 
Negara Zon Utara officer and research officer in 
George Town World Heritage Incorporation. 
 
3.0 Case Study: Rumah Teh Bunga  
 
The house is covered with India V tiles or V-shaped 
tiles. In contrast to the traditional architecture, this 
house exhibits colonial architecture with the use of 
elements of classical columns and modern building 
finishes such as marble floors and terracotta, roof 
tiles and exclusive wooden windows and doors. On 
the front facade of the house there is a symbol of 
the moon and stars to mark the original occupants 
are the Muslims. It is also flourishing with flora 
motifs which highlight its uniqueness [4]. Table 1 
shows in detail the descriptions of Rumah The 
Bunga and Figure 1 shows the external view of 
Rumah The Bunga 
 
Table 1: Details of Rumah Teh Bunga 
 
Name of Property 
 
Rumah Teh Bunga 
 
Property Address No 138, Jalan Hutton, 
George Town, 
Pulau Pinang 
Owner Jabatan Warisan Negara 
Type of property Single two-storey house 
Original Function Mansion 
Future Function Gallery 
Approximate year  
built 
1893 
Estimated age  120 years old 
Architectural Styles Sino – Malay Palladian 
Style 
Approximate year 
the property  
converted to other 
use 
 
2008 
Approximate year 
when the property 
was extended 
4 years. 
 
Figure 1: Rumah Teh Bunga 
 
4.0 Observation, Result and Discussion 
 
4.1 Structure 
 
Structurally, Rumah Teh Bunga never has 
undergone major structure changes. However, 
based on the interview with Jabatan Warisan 
Negara Zon Utara officer, Pn Mazlin, they only 
destruct the structure of partition wall that has been 
used in the bedrooms of this mansion. The partition 
wall was used to separate the bedrooms because 
the previous owner separates the room for his 
children. The partition wall used is just plywood. 
They did not add any new structure to the 
building when conservation phase and based on 
the observation there are addition of partition wall in 
the two bedrooms in ground floors. This addition of 
partition walls is used as part of the requirement of 
becoming a gallery. The type of partition wall used 
is gypsum board. This partition wall is a permanent.     
This partition wall is used to separate the 
space into space for exhibition purposes. (See 
Figure 2) 
 
 
Figure 2: Partition wall used in the exhibition area 
 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7  
 
 
 188 
As the figure above shows, the partition 
wall was not build until the ceiling. Based on the 
interview, they have reason why they leave a space 
between the ceiling and the partition wall. The 
ceiling is a floor for the upper floor and it is made 
from timber. The design of partition wall was made 
like that because they want to avoid termites attack 
to the upper floor wood. This partition wall also 
does not carry any load for this mansion. 
This lessons is taken from the Rumah Syed 
Al-Attas renovation, the mansion also was adapted 
to become Penang Islamic Museum, however, the 
museum was now closed due to the wood structure 
is badly eaten by termites and the upper floor is too 
dangerous to step on. Both mansions resemble 
each other in terms of architecture features and 
design. Therefore, the similarities in designs can 
help Rumah Teh Bunga not to repeat the same 
feature to decorate the house for it will affect the 
mansion and thus unintentionally damages its 
internal features.  
 
 
Figure 3 : Sun shelter at VIP car park 
 
Besides, they also add some sun shelter at 
the outside of the house. As can be seen on Figure 
3, the structure of the sun shelter is made from 
steel and it is for VIP car parking and enables 
people to shelter from the sun as well as rain. 
Before the conservation of this mansion this sun 
shelters is not exist. 
They also build suspended ceiling inside 
the toilet (refer Figure 4). The function of this 
suspended ceiling is to act as a ceiling and as a 
structure to accommodate the electrical lamp for 
this toilet. This electrical service is required when 
this structure is fully adapted re-use to become a 
toilet.  
At the lobby of this gallery, there is a 
partition added to divide the area. This partition is 
made from timber. The function of this structure is 
used as decoration for the lobby. This partition also 
does not carry any load from the first floor area as 
been shown in Figure 5. 
 
 
Figure 4: Suspended Ceiling located in the toilet 
 
 
Figure 5: Timber structure added to divide the 
lobby area 
 
 
4.2 Space 
 
According to Mucahit Yildrim, and Gizem 
Turan, in the adaptive re-use of a traditional 
structure such as cultural centers, spaces for 
management, handicraft courses, meeting rooms 
and exhibition halls are needed. Government 
intervention is essential in this type of community 
purpose re-use to ensure the attractiveness of 
historical site. This statement also applied in 
adapting Rumah Teh Bunga to becoming a gallery. 
  In terms of space, this mansion is will 
adapted to become Penang Malay Gallery and 
each of the space will adapt to other usage. Some 
of the space will be preserving to original usage 
such as kitchen area and the first floor area, the two 
bedrooms; master bedroom and bedroom 3. 
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Generally, the ground floor of this mansion is for 
exhibition area.  
The decorations related to gallery for this 
mansion already added by Jabatan Warisan 
hegara, JWN. Even though, this mansion is not fully 
decorated, however, see the decoration done can 
be seen by adding the antique things in the 
mansion. Mostly at the rear side of this mansion is 
use for the management for this gallery. Total 
adaptive re-use can be seen in the horse stables 
which located at the external area. Both of this 
horse stable was totally adaptive re-use to become 
a toilet. This decision is taken based on the current 
requirement of the mansion.  
This mansion will adapt to become a gallery 
and visitors will come to this mansion. Therefore, 
this toilet is needed for the visitor of the gallery as 
well as for their management team. The summary 
of changes in space can be seen in the space 
layout below (Figures 6-9) 
 
 
 
Figure 6: Ground floor plan before re-use 
 
 
Figure 7: First floor plan before re-use 
 
 
 Figure 8: Ground floor plan after re-use  
 
Figure 9: First floor plan after re-use 
 
4.3 Material  
 
As mention earlier, this mansion uses 
traditional building material like other heritage 
buildings. From the observation, this mansion also 
undergoes changes in material.  
 
4.3.1 Major Material Changes 
   
Based on the research, two materials 
undergone major changes in this mansion which 
are timber for flooring and plaster for wall. 
 
4.3.1.1 Timber for flooring 
 
Timber is a common material used in 
heritage buildings. During the conservation phase, 
they decided to change the timber flooring 
completely. The reason behind this decision is the 
old timber flooring is too brittle and was not safe to 
be used. The timber used for this mansion during 
the conservation phase is “kayu meranti merah” as 
been shown in Figure 10. 
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Figure 10: Meranti Merah for timber flooring 
 
Previously, they used the same grade as 
the previous timber flooring. However, they did not 
manage to find similar timber as previous one and 
decide to use kayu merati merah that still have the 
same quality and grade. 
Timber flooring only covers at the first floor 
area only. At the ground floor area, this mansion 
use other type of tiles and terracotta tiles. 
 
4.3.1.2 Plaster for wall 
 
Old buildings used lime for plastering the 
wall. They do not cement plaster like modern 
buildings. Therefore, lime plaster is used to cover 
the bricks in this mansion. This mansion undegone 
major changes in wall plastering. They removed the 
old plaster and replaced with a new one.  
If they used lime plaster, they also used 
special paint for the lime plaster. This special paint 
is the only paint that suit with lime plastering. The 
special paint is “Cat Air”. The brand used usually is 
Lota Paint. 
They also paint the wall with the original 
colour of the house. External wall was paint in 
colour of   chrysanthemum flower. While in the 
internal paint was paint blue colour. They identified 
that, the blue colour was the original colour for the 
interior wall. Figure 11 visualizes the the internal 
paint while in Figure 12 shows the external paint for 
the wall. Regarding to the colour of the paint for 
external wall, they did some research at the 
surrounding neighbouring area about the colour of 
the mansion. 
Based on their research, the colour of this 
mansion is resemble the chrysanthemum flower 
that also popular as a tea.  
 
 
Figure 11: The interior wall paint for Rumah The 
Bunga 
 
 
Figure 12: The external wall paint for Rumah The 
Bunga 
     
4.3.2 Partially material changes 
 
In partially material changes, they just 
replaced the material that broken only. They do not 
change the material as a whole. It is because some 
of the material is still in a good condition and do not 
need any replacement. The example of material 
they changed partially are V tiles for roof covering 
and terracotta tiles. 
 
4.3.2.1 Terracotta Tiles 
 
Apart from timber flooring, they also used 
terracotta tiles in this house (Figure 13). Terracotta 
tiles is one of the common materials in heritage or 
old buildings. Most of the terracotta tiles was 
replaced in the area that broken and cannot be 
used anymore (Figure 14). JWN manage to find a 
supplier that produce terracotta tiles and cut the  
tiles according to the original size used in this 
mansion. Then, replaced all the broken tiles with 
the new terracotta tiles. 
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Figure 13: Original Terracotta Tiles 
 
 
Figure 14: Replaced Terracotta tiles 
 
4.3.2.2 Indian Tiles for roof covering 
 
Besides terracotta tiles, Indian tiles or V 
tiles used for roof covering also had undergone 
partially changes. Some of the V tiles is still in a 
good condition as been shown in Figure 15. They 
replaced the broken V Tiles only and at the front 
side of the house use the new one (Figure 16). 
Then, the original V tiles is used at the rear side of 
this mansion. This is to shows their respect toward 
the heritage building. 
 
 
Figure 15: Original V tiles roof covering 
 
Figure 16: Replaced V Tiles Roof Covering 
 
5.0 Overall Analysis 
 
As overall analysis using Akta Warisan 
Kebangsaan 2005, the changes in this mansion did 
not against any rule or section in the Akta Warisan 
Negara. In addition, this gallery, use little 
intervention as possible in this mansion, since this 
mansion is quite old and has high rate of salt. They 
decided to  minimise the use of wall. If possible, 
they want to avoid any intervention made to wall 
because of the high rate of salt. Mostly, they used 
suspended panel graphic approaches instead of 
screw in approaches. Screwing or nailing the wall 
will cause damage to the wall in the long term. (See 
Figure 17) 
 
 
Figure 17: Suspended graphic panel 
 
Television stand in Figure 18 is used to 
hold the television. This method is chose instead of 
embedded the LCD television on the wall. It is  to 
protect and care for the wall. Besides, the space 
use also suitable with the themes used in each 
space for the gallery. This gallery also add antiques 
things in order to add nostalgic feels towards this 
gallery.  
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Figure 18: Television stand 
 
As overall analysis, this gallery is not fully 
adapted to become a gallery, however, we can still 
can see how they minimised the intervention to the 
heritage building. It is to show the respect for the 
heritage building as valuable at the same time 
vulnerable.   
 
6.0 Conclusion 
 
As a conclusion, the intervention made to 
this mansion in order to adapt it to become a gallery 
in terms of structure is little compared to space and 
material. No additional beam or column structure 
needed in this mansion. Furthermore, the original 
structure of this mansion also in a good condition 
and intact. However, in terms of space occur 
changes in terms of the function of the space. The 
original space is not relevant with the future 
function, a gallery. On the other hand, every space 
is considered as significant space for their original 
function which is mansion. Nonetheless, the spaces 
need to be used completely in order to adapt to the 
new usage. 
In terms of material, on adapting re-use of 
this mansion, traditional buildings undergone major 
changes in wood for timber flooring and wall 
plastering. These two materials considered as the 
most damaged material in this mansion and needed 
to be replaced completely. Other materials such as 
terracotta tiles for floor finishing and Indian tiles for 
roof covering is partially replaced in this mansion. 
These materials are only replaced when the tiles 
are broken or damaged. The original materials will 
be reserved if it is in a good condition.    
Adaptive re-use of this mansion to gallery 
can enhance the significance of this heritage 
building. Even though, adapting it to other usage, 
the respect for this building is still needed so that 
the significant of heritage building cannot be 
forgotten. Thus the heritage value that held by this 
mansion will be enlivened again. 
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Abstract: 
 
Industrialized Building System (IBS) is a construction system in which the components are manufactured in a 
factory, on or off site, positioned and assembled into complete structures with minimal additional site work 
(CIDB, 2003). IBS requires high construction precision and needs a higher skill level of workers. Compared to 
the conventional construction method, the skill level of IBS workers is more demanding. In an IBS construction, 
the role of the contractor is shifted from a builder to an assembler on the site. Therefore, this requires the 
contractor to be prepared technologically with IBS knowledge and skills. Unfortunately, the number of skilled 
IBS installers in Malaysia is still low even though the system has been implemented for a long time. This 
research is carried out to find out whether the existing number of IBS installer matches the existing needs. 
Primary data is collected by doing interviews with the construction workers at the IBS construction site in 
Penang Island in order to get the contractor’s feedback regarding this issue. Meanwhile, the secondary data is 
collected from government agencies to get the number of existing IBS installer and the number of IBS projects 
done in government projects. The results from this study indicated that not all types of IBS’s skill sectors are 
having shortage of skill worker. However, the number of precast concrete installers is in a critical shortage. 
 
Keywords: Industrialized Building System (IBS ), skilled IBS installers, IBS projects, contractor 
 
 
1.0 Introduction 
 
Malaysian construction sector has contributed 4.6% 
of the Gross Domestic Product (GDP) in year 2011 
with a total value of RM 21,370 million for that year. 
This shows an increase of 24.62% from the year 
2005 which amounted to RM 16,107 million (Gross 
Domestic Product year 2005 to 2011). In year 2012, 
construction sector has contributed 15.5% of the 
GDP consisting of 22.2% in the second quarter and 
18.3% in the third quarter. In enhancing the national 
revenue, construction sector was the largest 
contributor of GDP for the third quarter of the year 
2012. 
The importance of the construction industry can be 
seen from the numerous mega-projects such as 
Kuala Lumpur Convention Centre (KLCC), Kuala 
Lumpur International Airport (KLIA) and 
Government Administration Centre in Putrajaya that 
have been successfully implemented. Construction 
activities and other related activities are expected to 
increase and this will increase the importance of the 
contribution of the construction industry in the 
economy. In the face of an increasingly challenging 
era of globalization, skills and new equipment which 
includes a system was introduced, known as 
Industrialized Building System (IBS). This system 
has long been introduced by the Construction 
Industry Development Board (CIDB) in collaboration 
with the government.  
The government has done various efforts to 
promote the usage of IBS. This can be seen during 
his tenure as Deputy Prime Minister in the Malaysia 
International Exhibition of IBS (MIIE) 2009 at the 
Convention Centre of the Construction Industry 
Development Board (CIDB), where Datuk Seri Najib 
Razak was presenting his belief in IBS for the 
construction industry in Malaysia. While in MIIE 
2011, Datuk Shaziman Abu Mansur said the 
government is formulating a comprehensive action 
plan targeting for the concept of IBS to be applied in 
50% of private projects to be achieved by the year 
2012. It is an addition to the 0.125% levy exemption 
incentive enjoyed now. Among the proposals being 
Building Surveying and Technology Undergraduate Conference 2013, Langkawi, Malaysia; e-ISBN 978-967-394-153-7  
 
 
 194 
studied under the action plan is the fast approval for 
IBS project, providing a broader development and 
stamp duty exemption to IBSs’ home buyers. While 
in government projects, the IBS concept will be 
expanded in the public housing projects in the 
capital city through the Dewan Bandaraya Kuala 
Lumpur (DBKL) (Utusan Online 6th April 2011). 
Industrialized Building System (IBS) is a 
construction technique in which the components are 
manufactured in a controlled environment (on or off 
site), transported, positioned and assembled into a 
structure with minimal additional site works. 
Application of IBS in Malaysia is divided into five 
types, namely precast concrete system, formwork 
system, steel frame system, timber frame system, 
blocks system and other innovative system. The 
usage of these types of system gives positive 
impact on the construction industry. The 
advantages of using IBS are reduction of waste 
material, reduction of labour on construction sites, 
reduction of construction materials at site, better 
quality control, cleaner site conditions and more 
organized and faster construction time as well as to 
maintain the clean and safe environment.  
IBS industry in Malaysia began in the early 1960’s. 
This is when the Ministry of Housing and Local 
Government of Malaysia visited few European 
countries and evaluate their housing development 
program (Thanoon et al, 2003). In year 1964, the 
government started their first project on IBS aiming 
to speed up the delivery time and build affordable 
and quality houses. This project was awarded to 
Gammon & Larsen Nielsen by using Danish System 
of large panel of pre-fabricated system. This project 
took place at Jalan Pekeliling, Kuala Lumpur in 
about 22.7 acres of land with seven blocks of 
seventeen stories flats which consists of 3000 units 
of low cost flat and 40 shop lots. 
 
2.0 Methodology 
 
Quantitative research has been used in this 
research. The statistic of the IBS installer and IBS 
projects has been used in the analysis.  Survey 
research is also being used to get more information 
for this research. The survey is done at the IBS 
construction site in Penang Island to get the 
contractor’s feedback regarding the IBS installer 
issue.  
 
Data collection for this research is divided into 
primary data and secondary data. In this research, 
the primary data are collected by doing some 
interviews with construction workers such as the 
project manager, site supervisor, resident engineer 
and others at the IBS construction site in Penang 
Island. The interview was conducted to get the 
contractor’s feedback regarding to the IBS installer 
or skilled workers issues. These interviews are also 
conducted to achieve the second objective of the 
research. They are also to strengthen the 
assumption or hypothesis which has been made on 
the issue of IBS skilled workers or installer. Other 
than that, an interview with the CIDB (IBS Centre) 
officer has also been done to get other information 
regarding to this research.  
 Meanwhile, secondary data is collected 
from government agencies which are from CIDB, 
ICU PMD and ABM. This secondary data was taken 
to achieve the first objective of this research that is 
to determine current status of IBS skilled workers or 
installers in Malaysia according to the skill required 
and the number of IBS projects in Malaysia. In this 
case, the data for the number of IBS projects in 
Malaysia was taken from the ICU PMD from the 
year 2010 until year 2012. Meanwhile the number 
of IBS installer is taken from CIDB (IBS Centre) 
which is the total number from each ABM in 
Malaysia. 
 
3.0 Results and discussions 
 
Chart 1: Registered IBS installer until year 2011 
 
Source: IBS Centre 
 
The overall total number of registered installers is 
6609 people. The total number of lightweight block 
installer shows the highest number compared to 
other IBS types with a total of 3846 people from the 
year 2009 until the year 2011. This is followed by 
the number of steel roof truss installer with 2167 
people. However, there are large differences 
between the number of precast concrete installer 
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with the lightweight block and steel roof truss. The 
timber roof truss shows the lowest number of 
installer compared to others. 
 
Chart 2: Project distributtion based on ministry 
 
Source: ICU Prime Minister’s Department  
 
As shown in Chart 2, it can be seen that there is an 
increase in the number of project for the year 2011 
but in the year 2012, the number of project is 
slightly decreased. As a whole, almost all ministries 
had a decline in year 2012. The ministry with the 
largest number of projects among the ministries is 
the Ministry of Education (MOE). There are only 5 
ministries with more than 10 projects. Another 14 
ministries have less than 10 projects. Significant 
difference can be seen between the number of 
project by the MOE and by the other ministries. 
Chart 3: Project distributtion based on states 
 
Source: ICU Prime Minister’s Department  
 
As shown in Chart 3, it can be concluded that 
almost all states show an increasing pattern from 
the year 2010 until year 2011. While in the year 
2011, the number of projects in all states is 
decreasing. The state with the largest number of 
projects in Malaysia is Selangor with the total 
number of 274 projects from the year 2010 until 
year 2012. It is followed by Johor with a total of 165 
projects for three years. Significant difference can 
be seen between the number of projects between 
Selangor and other states. 
The state with the lowest number of project is Perlis 
with a total of 16 projects. There are a few states 
with the total of less than 50 projects which are 
Melaka with 26 projects, Terengganu with 33 
projects, Kelantan with 34 projects, Sarawak with 
38 projects and Penang with 40 projects.  
Factor affecting the number of projects in Malaysia 
Plan (Rancangan Malaysia) is the provision for 
every ministry given in Malaysia Plan. For year 
2010 the provision is under Ninth Malaysia Plan 
(Rancangan Malaysia ke-9) while year 2011 and 
2012 are under Tenth Malaysia Plan (Rancangan 
Malysia ke-10). Every ministry is given its provision 
and based on the provision given by the 
government, all the ministries are divided based on 
their requirements. If they have a plan for a 
construction requirement such as building an office 
or school, the provision will be distributed according 
to the states.  
In this study, the types of precast concrete that is 
experiencing a shortage of skilled installers are both 
current projects and future projects. The increase of 
project, if not followed by the increase of the 
installer, will cause a higher demand for precast 
installer as it is difficult to get a skilled precast 
installer. This can be proved by the precast 
concrete installer shortage in Case Study 1. In 
addition, the number of skilled precast installer is 
lower compared to the number of skilled lightweight 
block installer and steel roof truss installer. 
In fact, the timber roof truss installer is also 
experiencing a shortage of skilled installer in either 
the current projects or the overall projects. Among 
the four types of installer, the number of timber roof 
truss installers is the lowest compared to other IBS 
installer types. However, the steel roof truss is also 
deficient for the overall projects if the number of 
installer is not considered.  
It can be seen that the lightweight block installer is 
facing an excess of installer. The total of existing 
installers is able to meet the needs of current and 
future projects. However, in the interviews with the 
IBS Centre officers, they said that the installation of 
lightweight block can still be done without using 
skilled lightweight block installer. Therefore, the 
contractors can use general workers for lightweight 
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block installation. The contractors tend to use 
general workers or use less skilled installer to 
reduce the cost as the wages of general workers 
are cheaper than skilled workers. 
Case study 1 – School project 
 
Project background 
 
Project name:  
Cadangan Membina dan Menyiapkan Sebuah 
Projek IBS yang Mengandungi 10 Buah Bilik Darjah 
dan Kemudahan Berkaitan bagi Sekolah 
Kebangsaan Minden Height, di atas Lot 3432, 
Bandar Gelugor, Daerah Timur Laut, Pulau Pinang. 
 
Project owner: Ministry of Education (MOE) 
Main contractor: Azrul Enterprise Sdn. Bhd. 
 
This project consists of one block of four-storey 
building which is for administration and academic 
block (Block A) and one block of two-storey building 
for science laboratories (Block B). This project used 
IBS method in term of precast concrete. They used 
two IBS component specialists that are from 
Creative Precast Technics Sdn. Bhd. for beams, 
half slabs and stairs and Acotec Wall Panel for wall 
panel. 
 
From the interviews, this project was experiencing a 
shortage of installers. The problem occurs when 
there is a project nearby using the same IBS 
specialists. When the project nearby was facing a 
delay in their construction, the same IBS specialists 
took a few skilled installers from this project to do 
critical works on that project. This has caused a 
shortage of skilled installer for this site and the 
installation works to be delayed.  
 
Case study 2 – School project 
 
Project background 
 
Project name:  
Cadangan Meroboh, Pindahan dan Tambahan 
(IBS) kepada Bangunan Sekolah Sediada Sekolah 
Kebangsaan Sungai Gelugor (30 BD) di atas Lot 
3356, 3357, 3362, 3389, 3390 dan 3446, Mukim 13, 
Bandar Gelugor, Pulau Pinang. 
  
Project owner: Ministry of Education (MOE) 
Main contractor: Paticorp Sdn. Bhd. 
 
The development project is for the amendments 
and additions of building works for a building of 
classrooms and administration offices of four-floor 
building (Block A), the amendments of four-storey 
academic block (Block B) and a bus stop barrier or 
wall, the amendment or addition of one-storey 
kindergarten block (Block D) and refurbishment of a 
block of two-storey building to Sekolah Kebangsaan 
Sungai Gelugor, Pulau Pinang. This can be 
summarized that the project consists of 
development and amendments works for four 
school blocks. 
 
This project used IBS type of precast concrete. 
They used two IBS component specialists that are 
from Creative Precast Technics Sdn. Bhd. for 
beams, half slabs and stairs and Acotec Wall Panel 
for wall panel. These are the same specialists from 
the Case Study 1. 
 
From the interviews, this project had never 
experienced a shortage of installers. There is no 
problem occurring during the construction even 
though there is a project nearby using the same IBS 
specialists. However, they have experienced a 
delay in their project and needed to use two teams 
of installer and have to rent another crane in order 
to cover their delay.  
 
4.0 Conclusion 
 
The results from this study have shown that the 
number of precast concrete installer is encountering 
a critical shortage of installers. This is because the 
total number of existing installers can only 
accommodate a small number of projects which is 
166 projects or 18% of the total projects. In 
addition, the timber roof truss installer is also having 
a critical shortage of installers but it can be replaced 
by the steel roof truss installers because the 
number of steel roof truss installers is enough. For 
the number of lightweight block installer, it is more 
than enough. In conclusion, there will be a high 
demand on precast concrete installer. 
Hence, the parties responsible for the supply of 
precast concrete installer should play a role in 
compensating the precast concrete installer 
shortage. To get a better quality of installation, they 
need to use skilled installers and by using skilled 
precast installer, undesirable things can be avoided 
to happen such as mistakes in assembling 
components, jointing and others.  
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